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These Brushes 
Have a 20-year 
Service Record 


And here is the man who 
has kept his eye on them 


and made this remarkable 
performance possible 


FEW weeks ago while in Cincin- 

nati, Ohio, I stumbled on to an 
interesting example of long and sat- 
isfactory service from four direct- 
current generators that carry a 
lighting load and operate elevators 
in the plant of the H. & S. Pogue 
Company of that city. In that plant 
I met a delightful gentleman who 
has lived with these generators since 
they were placed in operation and 
knows the meaning of every squeak 
and groan and just what these 
signals call for in the way of inspec- 
tion and maintenance attention. He 
knows their language so well that 
there are no squeaks and groans ex- 
cept during such periods as he can 
get busy and apply the remedies that 
remove them. And when you talk to 
him as you stand by the side of these 
machines you do not have to shout 
your head off and he in turn has that 
quiet and low-pitched voice that goes 
with a mind as free from confusion 
and excitement as his machines are 
free from preventable noises—noises 
that are proof of inattention arid 
undue wear. 

While talking about these genera- 
tors, Mr. Muntifer called attention 
to what seems to me.to be a record 
for brush operation and commutator 








performance. 
brushes I saw in operation had been 
in their holders in continuous service 
since the machines were installed 
almost twenty years ago. But he 
asked me to confirm this statement 
through the makers of the machines. 
I did that and here is a letter from 
Mr. O. W. Jantz of Jantz & Leist 
Electric Company, Cincinnati, Ohio, 
that tells the whole story: 


We are in receipt of your favor of 
the 17th in reference to brushes used 
on the generators at the H. & S. 
Pogue Company’s plant, this city. 

We are pleased to state that we 
shipped four 100-k.w., 230-volt, gen- 
erators to the H. & S. Pogue Com- 
pany on October 4th, 1903, and used 
% in. x 1% in. x 8 in. Le Valley Vitae 
Carbon brushes. There are five 
brushes in each holder and six hold- 
ers, making 30 brushes to the com- 
plete set for one generator. 

Up to date we have only furnished 
one complete set of .brushes that 
their chief engineer, Mr. Henry 
Muntifer, ordered November 22nd, 
1922, just for emergency so that he 
would have them in stock in case of 
need. ss 

These generators are operating ten 


hy 


He said that the 





passenger elevators, all their lighting 
system, and furnish the power re- 
quired for operating ventilating fans, 
etc., and today we are pleased to 
report that they are in A-1 running 
condition. There is very little wear. 
on the commutator or brushes. 


Service in capital letters is mod- 
estly written all over this letter in 
the same way that it impresses you 
when you watch these machines in 
operation. 

Other readers may be proud of in- 
stallations like this one which stand 
as a credit both to the manufacturer 
and the operator from a performance 
viewpoint. If so, just drop me a 
line, giving the details—and then 
watch this page. 


Croiral GAC 
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F THE basic industries 

which have made modern in- 
dustries possible, probably the 
most important are the food in- 
dustries.. When each man had to 
grow, harvest and prepare the 
food for himself and his family, 
little time remained to enter into 
manufacture. Through the in- 
vention and perfection of the 
reaper, binder and other agricul- 
tural implements, as typified by 
the progress of the International 
Harvester Company in the Feb- 
ruary issue, and of the growth 
and extent of the milling indus- 
try, typified by the Pillsbury 
Flour Mills Company in the March 
issue, the modern industrial 
worker is assured of a continuous 
supply of food and so can devote 
his efforts to making shoes, 
clothes, automobiles, machinery, 
radio sets and other products to 
supply the necessities and diver- 
sions of himself and his neigh- 
bors. 

This, the fourth of the series, 
carries the food industry one step 
further and takes up the prepara- 
tion and distribution of a special 
food product. 

When the National Biscuit Com- 
pany was organized February 3, 





Captain Bent’s bakery in 1827. 
The first unsweetened cracker (exclu- 
sive of hardtack) was baked by Captain 
Bent in 1801 in his home. This “bake- 
house” was built in 1827 to accommo- 
date increased demand. Practically the 
Same process is used in some plants at 
the present day for making a certain 
kind of cracker. 


| A Glin into the Works of 
The National Biscuit Company 


And the processes created by taking crackers out of barrels and putting them in small packages that go direct 
to the consumer. This is the fourth of a series devoted to the growth and extent of basic American industries. 


ep tees Sot 


New York plant of National Biscuit 
Company—It has 53 acres of floor 
space and is the largest works in 
the downtown business section of 
New York. 





1898, it was a great enterprise at 
the start with bakeries scattered 
throughout this country from 
coast to coast. This was brought 
about through the consolidation 
of the properties of the New York 
Biscuit Company, the United 
States Baking Company, the 
American Biscuit and Manufac- 
turing Company and _= several 
smaller cracker-baking plants. 
Today this institution operates 
forty-three plants that have 20,- 
















000 hp. in motors connected to 
machines. Besides the cracker- 
producing plants this company 
operates a molasses-blending plant 
in New Orleans to maintain the 
quality and uniformity of the 
molasses used. At Evanston, IIL, 
there is a large machine shop 
both for experimental work and 
the manufacture of machinery 
needed. At Marseilles, IIl., there 
is a large carton factory where all 
packages and bulk containers used 
in the marketing of National Bis- 
cuit Company products are made. 
In New York there is a com- 
pletely equipped chemical labora- 
tory with a large staff of chemists 
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engaged in making tests and do- 
ing extensive research work. 
This company has more than 
2,000 salesmen working out of 
some 200 branch headquarters and 
calling on over 350,000 dealers 
with a fleet of trucks and wagons 
which, if lined up in single file, 
would cover a distance of eight 
miles. 4 
The National Biscuit Company 
during the past 25 years has rev- 
olutionized and evolutionized its 
business. It has revolutionized it 
by taking crackers out of boxes 
and barrels and putting them in 
packages and smaller, sanitary 
and scientific bulk containers, as a 
result of which they reach the 
consumer with full protection 
from oven to table. It has evo- 





Automatic machinery in a cracker 
factory. 


This scene in a sponge-mixing depart- 
ment gives an idea of the ingenious ma- 
chinery employed in making crackers 
At the extreme left of the picture is the 
hopper in which the flour is placed. It 
is carried from there automatically up 
and into the flour bolter and blender 
shown in the center. Here any foreign 
particles in the flour, such as a raveling 
from the bag, are removed and the 
blender aerates the flour and restores it 
. to the condition it had immediately 
after it was ground. The flour is then 
fed into the dough trough, and auto- 
matically weighed at the same time. 
The trough is wheeled under the water 
controls at the extreme right. Here is 
filtered water, hot and cold. There is a 
gauge on the controls which indicates 
the amount of water as it flows, thereby 
assuring the exact amount of water 
called for by the formula. A thermom- 
eter attachment makes it possible to 
~— any temperature of water de- 
sired. 





ge 


In this machine shop experimental 
work is conducted and special ma- 
chinery built for cracker-making 
processes. 





lutionized it by the construction 
of special bakeries, scientific in 
design and construction and by 
the invention of machinery which 
does in a day the work which 
formerly would teke a month to 
do manually. In all plants of the 


company specially designed and 
most ingenious modern machinery 
is employed in almost every opera- 
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tion. For example, automatic 
machines weigh, mix and _ sift 
flour, mix, roll and cut dough, and 
finally pack and seal the packages. 
One important step has been the 
creation of a most comprehensive 
distribution system, together with 
consistent and persistent nation- 
wide advertising. In this way the 
trade name “Uneeda Biscuit,” 
which is known all over the world, 
has reached a value estimated at 
at least a million dollars a letter 
as a business asset. 
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is shown here inspecting the adjustments on 


the electric brake of a traveling crane. 


Maintenance Practice for 


Electric Traveling Cranes 


Including Some Ways to Prevent Trouble and Prolong 
‘the Life of Parts Subject to Hard Service 


By B. HANTMAN 


Machine Repair Department, Westinghouse 
Electric & Manufacturing Company, 
East Pittsburgh, Pa. 


AINTENANCE plays a very 
| \ / vital and important part in 
all industrial plants, especi- 
ally in one of the size and scope of 
the Westinghouse Electric and Man- 
ufacturing Company. Production to 
a large extent depends upon a well 
organized maintenance department. 
It is the purpose of this article to 
deal with one branch of this work; 
namely, the maintenance of over- 
head electric traveling cranes. 
The ideal crane equipment would 
be one in which only one standard 
make of crane was used, in which all 


the electrical equipment was sup- 
plied by one manufacturer, the same 








AN INTERESTING fea- 
ture of this article is the 
practice of making a “com- 
posite” casting from which 
any one of several parts which 
vary in size may be machined. 
This means that only one pat- 
tern has to be made, instead 
of several. Also the number 
of spare castings which must 
be stocked is greatly reduced. 
Other suggestions are given in 
this article on crane mainte- 
nance which can be applied 
in every-day work. 




















style and size of motors and control 
apparatus used on all cranes of the 
same lifting capacities, and the same 
wiring scheme used on cranes of like 
characteristics. Under these circum- 
stances it can readily be seen that 
the variety of renewal parts to be 
carried would be reduced to a mini- 
mum, and that any electrical trouble 
could be readily diagnosed and then 
remedied. 

The Westinghouse Company does 
not have this ideal equipment, on ac- 
count of having purchased its equip- 
ment at different times, extending 
over a number of years. At the 
East Pittsburg works alone there are ~ 
165 cranes, varying in lifting capaci- 
ties from one ton to fifty tons, and 
representing the product of a num- 
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ber of manufacturers. Since no two 

manufacturers build cranes alike, a 
large number of mechanical parts 
must be carried for-renewals and re- 
pairs for these cranes, resulting in 
the tying up of considerable capital, 
and also of valuable floor space for 
the storing of these parts. 

In: order to overcome these condi- 
tions as much as possible the follow- 
ing plan is being carried out: (1) 
Drawings are made of all parts 
which are renewed or taken down for 
repairs. 
under the crane number and one un- 
der the name of the part. For exam- 
ple, under ‘Bridge Track Wheels, 
drawings of the bridge track wheels 
of all cranes, regardless of their ca- 
pacities, are filed. (2) From the 
latter file the drawings are then 
grouped into several divisions, each 
division containing those drawings 
which show parts of the same gen- 

_ eral outline and dimensions. From 
these a combined or “composite” 
drawing is made for a casting, from 
which any of the parts in that di- 
vision can be made. An example of 
one of these drawings for track 
wheels is shown in Fig. 1. The limit 
to which this practice may be car- 
ried is reached when the cost of ma- 
chining the surplus stock becomes 
high, compared with the cost of mak- 
ing and carrying another pattern 





Two. copies are filed, one’ 
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and casting in stock. (3) For bush- 
ings, a number of standard lengths 
of both solid and cored bronze stock 
of different diameters are carried in 
the storeroom. (4) Gear blanks of 
various dimensions are kept in stock. 

The company’s pattern shop and 
foundry are of material assistance in 
reducing the amount of spare equip- 
ment to be carried. To the former 
are sent the composite drawings 
from which patterns are made, these 
in turn being sent to the foundry 
for castings. 





TROUBLES ENCOUNTERED WITH 
TRACK WHEELS 


The majority of troubles encoun- 
tered with the bridge of a crane is 
due to the track wheels. If the ma- 
terial in one of the driving wheels 
is softer than the other it will wear 
much faster, resulting in the soft 
wheel becoming smaller than the 
hard wheel. This causes the crane 
to run out of square, the end having 
the large wheel leading the other 
end. Running out of square is a 
serious defect, and must be reme- 





Fig. 1—One casting serves for 
making any one of three different 
wheels. 


The master casting at A is machined 
down to make the center of any of the 
wheels shown at B, C and D. Each 
of the wheels is equipped with the 
steel tire shown at Z. 
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died as soon as possible. When this 
condition is present the following re- 
sults may occur: The crane binds 
on the runway; the bridge speed is 
reduced; joints in the bridge are 
loosened; joints in the rails on the 
runway become loose; the sides of 
the heads of the rails on the runway 
and the flanges on the bridge wheel 
cut each other; bridge-wheel flanges 
spread or flare; the bridge motor 
may stall and burn out; some part 
of the electrical circuit is damaged 
by overloading; and the trolley runs 
hard. 

Flat spots occur on the tread of 
bridge wheels, due to soft places in 
the material and due to the operator 
applying his footbrake too quickly or 
plugging the bridge motor. These 
flat spots jar the crane and cause it 
to ride roughly. If the runway is 
not of the proper gage the bridge- 
wheel flanges will flare out, and in 
certain types of cranes will cut into 
the end trucks. The removal of a 
wheel in this condition is rather dif- 
ficult, the flanges requiring either 
chipping or burning off with a torch, 
the latter method being much more 
efficient than the former. 


WHEELS WITH STEEL TIRES ARE 
SUPERIOR TO OTHER TYPES 


Other types of wheels are now be- 
ing replaced with those which have 
a steel tire on a cast-iron center, as 
shown in Fig. 1. The center is used 
a number of times, inasmuch as the 
tire and bushing are the only parts 
that wear. The cost of the tire and 
bushing is much less than that of a 
new complete wheel. Also, such a 
wheel is superior to a cast wheel, 
because the tire is forged steel, hav- 
ing @ more nearly homogeneous 
structure than a casting would have. 
This gives better wearing qualities 
to the wheel. 

Bushings which are pressed into 
the center of the wheel may later be- 
come loose enough to turn, and for 
this reason they are pinned or dow- 
eled into place. Bushings may crush 
or work out at the ends, thereby forc- 
ing the wheels against the end truck. 
A cutting action between the two 
takes place, which may cause the 
crane to drag at this point. If proper 
lubrication is not supplied, the bush- 
ings will wear rapidly or may freeze 
on the shaft. When the tread of 
the wheel is considerably worn down 
the end truck may drag on the rail 
and the flanges may strike on the 
bolts of the rail splice plates. Any 
of these conditions will cause the 
crane to run out of square. 
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Fig. 2—This shows some common 
defects in a crane which was later 
remodeled. 


Among the objectionable features 
which have now been removed are the 
following: Footwalk placed over line- 
shaft, bridge motor wall-mounted di- 
rectly on bridge girder, footbrake act- 
ing on lineshaft, unguarded gears and 
couplings, electric solenoid band brake 
on hoist motor and inadequate guard 
over trolley gears. Some of the im- 
provements made are shown in Fig. 3 
and the other illustrations. 





Where the shaft is pressed into the 
wheel when a bearing of the M.C.B. 
type is used, it has been found that 
this press fit is not reliable, the 
shaft having a tendency to work 
loose. To overcome this, the wheel 
is keyed onto the shaft, in addition 
to the press fit. 

In some cases the wearing of the 
bushings or bearings will cause the 
gear on the track wheel and its driv- 
ing pinion to mesh too deeply, while 
in other cases the mesh will not be 
deep enough. 


RAISING THE END TRUCK TO 
CHANGE A WHEEL 


In removing a track wheel the 
end truck must be raised in order 
to take the weight of the crane off 
the wheel and shaft. The truck must 
be lifted high enough to permit the 
shaft to be rolled out and to allow 
for the larger diameter of the new 
wheel. This may be accomplished 
by running the crane up on two long 
wedges clamped to the rails, and then 
blocking it. When the wheel re- 
volves on the shaft the shaft is first 
removed, then the wheel, and finally 
the wedges. Where the wheel is se- 
cured to the shaft the wedge is first 
removed and then the wheel with its 
shaft. After the old wheel has been 
replaced with the new one the wedge 
is then driven into position again 
and fastened, the blocking removed 
and the crane run off the wedges. 
The crane may also be raised by the 
use of a number of small steel 
wedges, by a jack placed on the run- 
way, or by a jack on the floor with a 
timber reaching from the jack to the 
crane. In the case of a small crane, 
a chain block may be used. In any 
of these methods the raising is con- 
tinually followed up with blocking as 





Fig. 3—Some desirable features 
have been added to this crane. 


Among the improvements made on this 
crane are: Footwalk mounted under 
lineshaft, installation of standard 
metal railing and standard toeboards, 
bridge motor mounted on platform, 
footbrake changed to act on armature 
shaft of bridge motor, bridge gears 
protected by readily removable sheet- 
metal guard provided with hinged 
doors for inspection, and trolley gears 
protected -by expanded-metal guard 
with doors. 
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BRIDGE WALK 


hr: 


BRIOGE MOTOR 
MOUNTEDO ON GIRDER 


a precaution against a possible slip, 
and as a matter of safety. 

On the bridge lineshaft the coup- 
lings, keys, gears, pinions, and bolts 
in the bearing brackets may work 
loose. The two end bearings and the 
one near the main gear which drives 
from the motor pinion are the ones 
subjected to the most wear. Re- 
babbitting or new brasses are re- 
quired when the mesh becomes poor. 
A poor mesh between the lineshaft 
pinions and the gears on the track 
wheels may also be due to the spring- 
ing away of the bearing bracket and 
lineshaft from the end truck, due to 
poor design. This may be overcome 
by fastening a brace from the top 
of the girder to the bearing bracket, 
as shown in the left-hand photograph 
in Fig. 6. 


LINE SHAFT 
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Bolts which hold the girders and 
the end trucks together work loose 
and may cause the crane to run out 
of square. On long spans it has been 
found advisable to place horizontal 
gusset plates between these two in 
order to make the bridge more rigid, 
as shown in the right-hand picture 
in Fig. 6. Rivets which have worked 
loose are replaced. The trolley rails, 
bolts and clamps become loose and, 
in extreme cases, the rails have 
sheared the bolts holding them in 
place. Occasionally the trolley-track 
wheels will wear a depression in the 
rails near the bumpers, causing the 
trolley to stick at this point. This 
is usually repaired by welding. 

The footbrake has been found to 
be much more dependable and more 
efficient when placed on the arma- 
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ture shaft, as in Fig. 3, than when 
placed on the lineshaft, as in Fig. 2. 
When lined with asbestos brake lin- 
ing this brake requires only an oc- 
casional adjustment or relining. 

To facilitate the quick replace- 
ment of an armature, field coil or the 
complete motor, it is very desirable 
to have the bridge motor mounted on 
a bracket at right angles to the 
bridge girder, as shown in Fig. 3, 
instead of being wall-mounted di- 
rectly on the bridge girder, as in 
Fig. 2. The platform mounting also 
has the added feature of safety for 
the repairmen. Bridge walks should 
be placed under, rather than over 
the lineshaft, so that the lineshaft 
bearings may be properly inspected, 
repaired and lubricated. Repairs to 
the lineshaft, couplings and gears 
are greatly expedited in this case. 
This practice is being carried out by 
the Westinghouse Electric and Manu- 
facturing Company. 

_ When there is more than one crane 
on a runway, it is very desirable and 
usually necessary to have one rail on 
the runway securely fastened and 
the other rail so fastened that it is 
free to move sideways in order to 
compensate for the slight differences 
in the gages of the various cranes 
and also to allow for the runway 
supports not being in true alignment. 
The play allowed in the loose rail is 
normally 34-in. 


Fig. 4—Report filled out and sub- 
mitted by crane inspector. 





METHOD OF REPLACING TROLLEY 
TRACK WHEELS 


On some makes of cranes, the trol- 
ley track wheels are mounted on the 
same shaft as the drum, the shaft 
remaining stationary. In the re- 
placement of these wheels, it is 
necessary to block one end of the 
trolley so that it will not move while 
the other end is being raised either 
with jacks or heavy chain blocks. 
The shaft, drum and wheels are then 
rolled out from under the trolley. 
The wheels are now easily replaced 
on the shaft, and the shaft, drum 
and wheels rolled back into place. 
Care must be exercised in getting the 
shaft into its original position so 
that proper lubrication will be sup- 
plied to the wheels, and the shaft 
properly secured. 

Bushings and gears wear of course 
and require renewing. Keys and 
bolts become loose and need tighten- 
ing. Parts of the mechanical re- 
taining brake such as discs, wooden 
friction blocks and other movable 
parts will wear and need occasional 
adjustment and proper lubrication. 

Chains are annealed at intervals 
of one or two years, depending 
upon the service to which they are 
subjected, while the hooks on the 


blocks receive this treatment: -once 
every five years. When practicable, 
chains are being replaced by wire 
rope because the rope is safer and 
permits a more reliable inspection. 
The chains are frequently oiled to 
prevent a cutting action between the 
links and to reduce other wear to a 
minimum. Where equalizing bars 
are used the chains or wire rope 
must be cut to the same length. To 
eliminate the necessity for doing this 
and also to facilitate quick renewal 
of the.chain or wire rope, the equal- 
izing bars are being replaced with 
equalizing sheave wheels and a chain 
or wire rope cut in one length is 
used. 

The blocks require proper lubrica- 
tion and only an occasional renewal 
of a sheave wheel, hook or ball bear- 
ing. 

The company’s alternating-current 
cranes are being changed over to 
250-volt direct-current as fast as 
they can be spared from service. 
These alternating-current cranes are 
supplied from 220-volt, 25-cycle, two- 
phase, four-wire and 220-volt, 60- 
cycle, two-phase, three-wire systems. 
The direct-eurrent cranes are ‘sup- 
plied by 250- and 500-volt circuits. 

Due to the company’s policy of 
giving all their new designs of ap- 
paratus a thorough and rigid test 
under actual working conditions be- 
fore placing them on the market, we 
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Fig. 5—Repairs made to crane are 
described on a report form like 
this. 





have a large variety of motors, con- 
trollers and other electrical equip- 
ment on the cranes. For example, 
there are eleven different types of 
direct-current motors varying in 
size from 1 hp. to 75 hp. installed. 
The old apparatus is, of course, re- 
placed ‘after the later and newer 
types have proven superior. 

The electrical equipment may be 
roughly divided into the following 
sub-divisions: (1) Motors; (2) con- 
trollers; (3) resistances; (4) pro- 
tective panels; (5) current collec- 
tors; (6) limit switches; (7) wiring. 

Whenever the type of motor to be 
used for crane service is being 
studied, the maintenance - features 
should be considered as one of the 
deciding factors in reaching a de- 
cision, especially if a breakdown on 
the crane will delay production to 
any extent. If the shaft is tapered 
there is usually very little difficulty 
encountered in removing the brake 
wheel or the pinion; however, if the 
shaft is straight there is a possibil- 
ity of breaking the keys while they 
are being removed, which makes 
matters worse and delays the repair 
work. 

The controllers used on_ these 
cranes may be divided into four main 
types: (1) Commutator or grind- 
stone; (2) face-plate; (3) drum 
cylinder and, (4), drum-contactor, 
(Type S). The chief objections to 
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the first two are: size, weight, ex- 
posed contacts, arcing, which causes 
the screws to be welded to the con- 
tacts and delays renewals, grounds 
and creepage due to dust and dirt 
lodging between contacts, and diffi- 
culty of repair when placed close to 
one another. The troubles encoun- 
tered with the drum type are: diffi- 
culty in keeping fingers in alignment 
with segments, arcing which causes 





Fig. 6—For inspection and repair 
the crane is run over a platform. 


The illustration at the left shows the 
sheet-metal guard over the lineshaft 
pinion and the _ track-wheel_ gear. 
Hinged doors are provided for inspec- 
tion and lubrication. The heavy brace 
from the girder to the end bearing in- 
sures proper meshing of the pinion 
and gear. In the illustration at the 
right is seen between the end truck 
and the girder, a heavy gusset plate 
which stiffens the bridge. 
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the screws to be welded to segments, 
and burning off of the ends of the 
segments which interferes with the 
proper sequence of operation. All 
the above objections are eliminated 
in the cam-contactor type of con- 
troller. The drum consists of a set 
of cams mounted on a movable shaft, 
these cams actuating a number of 
contactors. The contactor tips re- 
quire only occasional renewal, as 
they have a long life due to their 
rolling action. 

A number of the grindstone and 
the face-plate controllers have the 
resistance units mounted on the 
same frame; these resistances are 
either grid or wire ribbon. How- 
ever, it is much easier to locate 
trouble when the controller and the 
resistors (Continued on page 225.) 
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An Analysis of Ways 


Power Costs Can Be 
Checked and Distributed 


Among Departments or Processes 
in Proportion to Amounts Required 


By ARTHUR J. WHITCOMB 


Formerly Assistant to Superintendent, The 
Steel and Tube Company of America. 


trial works is the distribution 

of power costs against the va- 
rious departments or processes using 
the power and in proportion to the 
relative amounts of power used by 
the departments or processes. 

What does this mean? Take for 
instance, a works where No. 1 alter- 
nator generated 500,000 kw.-hr., No. 
2 alternator turned out 250,000 kw- 
hr., and 250,000 kw.-hr. were pur- 


Presa accounting in an indus- 


-chased from a public utility com- 


pany, making a total of 1,000,000 
kw.-hr. for the month. We now haul 
out our percentage sheet which says 
that at the time the sheet was made 
out, some three years ago, the 
Blooming Mill took 20 per cent of 
the total power, the Plate Mill took 
25 per cent, the Blast Furnaces took 


5 per cent, the Skelp Mill took 
22 per cent, the Yards took 1 
per cent, and the remainder should 
be charged to the Pipe Mills, 
for these mills take a _ lot 
of power anyway. From the total 
kw-hr. and the percentages, the 
charges against the different depart- 








THIS IS THE SECOND of four ar- 
ticles (the first appeared in the 
January issue) that analyze the 
essential factors of maintenance 
procedure. It deals: with the au- 
diting of power service require- 
ments and tells what a proper 
distribution of power costs is and 
what it is not. The author points 
out that. power in kilowatt hours 
represents dollars and cents of the 
same- kind that go into the pay 
envelopes for labor. And for the 
same reason that the paymaster is 
not allowed to make an error of 
ten or fifteen per cent in figuring 
up his payroll, the method of ac- 
counting for power used should 
not permit such a range of guess- 
work. 
























This photograph shows the switchboard 
in the plate mill substation at the Mark 
plant ofthe Steel and Tube Company of 


America. It is typical of switchboards in 
ten other substations supplying energy to 
the various departments. This _ switch- 
board controls a 1000-kw. rotary conver- 
ter, a fly-wheel motor-generator set and 
a reversing mill main motor. 





ments are made. That is what a 
power distribution is not! But this 
is a fair sample of what a power 
distribution amounts to in a great 
many industrial works. 


Power in kilowatt-hours repre- 
sents money and the same kind of 
dollars and cents are needed to pay 
for it as for any other material used 
in production processes. If power is 
purchased, the comparison is obvi- 
ous. If it is generated on the plant 
property, it includes coal or gas, 
steam, investment costs, overhead, 
supplies, taxes and labor, all of which 
have very definite dollars-and-cents 
values. . 

An industrial works desiring true 
costs will not only pay attention to 
evaluating the total power cost, but 
also will. insist that. it is properly 
distributed, because an error there 
may make considerable difference in 
the production costs. This is partic- 
ularly true in plant operations in 
which the power cost is a consider- 
able portion of the total cost. 

There are three essentials of an 
analysis of power distribution: 

1. A true knowledge of the work 
of departments or processes 
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among which the power is to be 

distributed. 

2. A system of metering. 
3. A system of checking. 

The knowledge of the processes 
among which the power is to be dis- 
tributed, can only be obtained by an 
intimate acquaintance with the proc- 
esses involved and by conferring 
with the accounting department as 
to how it divides the rest of the 
costs. This division will vary with 
each individual works and mill. 

For instance, in the Blooming 
Mill of one steel works, the power is 
distributed against: 

1. Soaking pits and pit cranes. 
2. Reversing main drive. 
3. Auxiliary drives. 
At the Blast Furnace of the works 
the power is distributed against: 
1. Unloaders. 
2. Ore bridge. 
3. Skip hoist. 
4. Larry car. 
5. Pig machine. 
To show a good system of meter- 
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ing and meter checks, a power dis- 
tribution system will be described 
for a works that has its own power 
generating equipment of 37,500 Kva. 
No power is purchased. Although 
the entire distribution system is not 
given in detail, enough is shown so 
that the details of the metering can 
be worked out. 

Reference to the one-line diagram 
will show a power house with its 
generators feeding into a common 
bus from which go the feeders to 
the various substations. The power 





Paths through which power is fur- 
nished from generators to trans- 
formers and mill drives. 


This single line diagram shows how 
metering is done on the electrical 
circuits throughout the works of 
the Steel and Tube Company of 
America. The diagram indicates the 
path of power from the generators 
to a common bus and through feed- 
ers to various substations. At the 
substation the feeder supplies a 
common bus from which go the 
lines to main drive motors, rotary 
converters, large auxiliary drives, 
and power and lighting transform- 
ers. The letters inside the small 
squares in these circuits indicate 
the points where power is metered. 
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is generated at 2,300 volts, 60 cycle, 
and as such is transmitted over the 
feeders leaving the power house. At 
the substation the feeder supplies a 
common bus from which go the lines 
to the Main Drive motor, the rotary 
converter, the large auxiliary drives 
taking 2,300 volts, and the 440-volt 
and 115-volt power and lighting 
transformers. 

The most important meters are 
those in the power house. It is these 
meters that determine the sum total 
of the power output. The diagram 
shows a watthour meter on each gen- 
erator, a totalizing watthour meter, 
and a watthour meter on each of the 
outgoing feeders. The watthour me- 
ters on the outgoing feeders are es- 
sential for they measure the power 
output for each feeder. The sum of 
these feeder meters gives the total 
output. There are two methods of 
placing meters to check the total. 
One is by the use of a totalizing me- 
ter which will register the total out- 
put and the other is by the use of an 
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individual meter on each generator. 
If the steam input to the turbines or 
engines driving the generators is 
measured by a flowmeter on each 
generator, individual watthour me- 
ters on the generators are essential 
in order that the water rate or steam 
consumption per kilowatt hour may 
be determined. Comparisons of the 
water rate values as determined 
from day to day, will bring to light 
irregularities that might not other- 
wise be discovered until they had 
reached an advanced stage. The need 
for cleaning the condenser can be 
more easily determined for the 
water rate will increase as the con- 
denser becomes dirty. Other things 
will come to light, for if the engineer 
gets a higher water rate than usual, 
he will hunt until he has discovered 
the condition causing it. 

As stated before the total power 
output is determined by the sum of 
the power house feeder meters. If 
this value checks the sum of the 
generator meters or the totalizing 
meter, the meters are taken to be 
correct. These two sums should 


check within 2 per cent. If they do 
not, some meter is in error. Until 
the erroneous meter is located and 
corrected, the sum of the feeder me- 
ters is taken as being correct. Also 
the individual feeder meter readings 
are taken as being the correct out- 
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put over the individual feeders. 

From the one-line diagram it is 
seen that the generator meters are 
G1, G2, G3, and G4; the totalizing 
meter is 7; and the feeder meters 
are F1, F2, and F3. Then to put the 
substance of the above paragraph in 
the form of an equation, the follow- 
ing is the result. 

G1+G2+G63+G4—T= 
F1+F2+F3. 

The input to the Blooming Mill 
substation is measured by the Fl 
meter. Reference to the one-line 
diagram will show that: 

F1=A1+A2+A3+A4 

If the sum of the A meters in the 
Blooming Mill does not equal Fl, 
one of the A meters must be incor- 
rect and until the faulty meter is lo- 
cated and corrected, the error in the 
sum of the Al, A2, A3, and A4 
meters is divided proportionately 
among them until their sum is made 
equal to F'1. 

Similarly in the Plate Mill: 

F2=B1+B2+B3+B4 

And in the Pipe Mill: 

F3=C1+-C2+C3 

The one-line diagram shows a ro- 
tary converter in each .substation. 
The rotary converters each supply 
a direct-current bus from which the 
individual mill feeders are fed. In 
addition there are tie lines between 
the substation d.c. buses. The d.c. 
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output of each rotary converter is 
measured by the D meters. The T 
meters are on the tie lines between 
substations, and measure the power 
leaving the station on the tie line to 
which they are connected. These 
tie line meters have ratchets in them 
so that they will register the power 
flow for one direction only. For 
example, 71 measures the d. c. power 
going from the Blooming Mill d. c. 
bus over the tie line to the Plate Mill 
d. c. bus, while 72 measures the 
power flowing in the reverse direc-— 
tion from the Plate Mill Substation 
to the Blooming Mill Substation. 
Likewise 73 measures the power 
flowing from the Plate Mill to the 
Pipe Mill, and 74 the power from 
the Pipe Mill to the Plate Mill. 

The Blooming Mill rotary output, 
D1, must equal the sum of the 
Blooming Mill d. c. feeder meters, 
plus the power leaving the Blooming 
Mill over the tie line, minus the 
power coming in over the tie line. 
The following is the equation: 





Substation record form for power 
used. 


These record sheets form the day book 
or journal of electrical operation and 
from them the ledger or power sum- 
mary is drawn up. Besides showing 
the meter indications for the main 
drives, rotary converters and different 
mills, information is also given cover- 
ing the character of material handled 
by the main drives and the causes for 
delays or shut-downs. 
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Mechanical log or record form for 
power generated. 


This mechanical record sheet is made 
out by the turbine engineer and gives 
operating data on the station mechan- 
ical equipment similar to that covered 
in the electrical record sheet. 





DI=E1+E2+£3+T71—T2 

Likewise the Pipe Mill rotary out- 
put is: 

D38=H1+H2+-H38+H4+-T4—T3 

And the Plate Mill rotary output 
is: 

D2=F1+F2+F3+T7T2+T3—T1—T4 

In each case if the D meter does 
not equal the sum of the meters on 
the other side of the equation, the D 
meter is taken as being correct 
(until the faulty meter can be lo- 
cated and corrected) and the differ- 
ence is divided among the remaining 
meters in proportion to their re- 
spective loads. 

The conversion efficiency may now 
be calculated for each rotary. The 
conversion efficiency is the ratio of 
the d.c. output of the rotary con- 
verter to the a.c. input to the trans- 
formers supplying the rotary. 

Conversion efficiency —=D1——A2 for 
the Blooming Mill rotary. 

Conversion efficiency =D2-—B2 for 
the Plate Mill rotary, etc. 

The conversion efficiency for all 
three rotaries is: 
Eff.=(D1+D2+-D3) + (A2+B2+(C2) 

These values should be calculated 
each month and plotted on graph 
paper. Comparison of these values 
from month to month will help to 
show the most economical method of 
loading the rotaries. 

The capacity factor is defined as 
the ratio of the total power actually 





converted to the total power that 
might have been converted, provided 
the machine ran at full load all the 
time it was in operation. 

In the case of the Blooming Mill 
the capacity factor is: 

Di+(Full Load KWXNo. Hours 
Run). 

The capacity factor of all the ro- 
taries combined is: 

(D1+D2+D3)+[Full Load KW 
(of one rotary) XSum of Hours each 
machine ran]. 

These values should be calculated 
each month and plotted on graph pa- 
per. Comparisons of these values 
over a period of time will throw fur- 
ther light on the most economical 
method of loading the machines. 

At the plant described, the capac- 
ity factor for five converters sup- 
plying the steel plant load averaged 
20 per cent, and the average con- 
version efficiency was 83 per cent. 
Curves as described above were 
plotted, and it was found that fluc- 
tuations in the values occurred. 
While the curves do not always lead 
to direct conclusions, still they form 
the ground work for the superin- 
tendent to think from in deciding 
upon the correct plan for the eco- 
nomical operation of his plant. 

In the Pipe Mill Substation the 
440 a.c. power is metered out on the 
2300-volt side of the transformers by 
C3. The 440-volt feeders are me- 
tered by K1, K2, K3, and K4. Since 
the efficiency of the transformer 
bank is around 97 per cent at the 
ordinary working loads, 

C3 will approximate K1+K2+K3 
+K4, 





The difference between C3 and the 
sum of the K meters should be 
‘divided among the K feeders in pro- 
portion to their respective loads. 
The lighting feeders in the Pipe Mill 
Substation are treated similarly. 

At first glance a system of meter 
checks, such as has been described 
in the foregoing, may seem super- 
fluous and an extra expense for un- 
necessary meters. The reader may 
argue that if the meters are cali- 
brated every two or three years, 
things will get along all right. They 
may and they may not—and in case 
an error develops it is not known at 
once and cannot be located unless all 
the meters in the plant are checked. 
The system described locates the 
erroneous meter as being one of a 
group of four or five, tells how much 
the error is, and gives the amount 
of error for each group of meters 
every month. 

It may further be argued that the 
accuracy and exactness described is 
not necessary in an industrial plant 
—that if the meters come within 10 
or 15 per cent it is close enough. 
Such argument is faulty. The 
“juice” going over the wires through 
the meters is dollars and cents, the 
same as put in the pay envelope to 
the labor employed in the mill. But 
the paymaster is not permitted to 
come somewhere within 10 or 15 per 
cent when making up the payroll. 

The above analysis shows how the 
power was subdivided and how the 
checks were applied to make sure 
that the subdivision was accurate. 
It remains to summarize the results 
obtained. The summary follows: 
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Meters Meters 
Ast. 2. 

Blooming Mill 
Main Drive....... 
Shear and Hydrau- 
A3 
ES see os A4 ee 
eo El 
E2 
E3 


Auxiliaries at 
Main Rolls...... 
Auxiliaries at 
Shear 
Plate Mill 
Main Drive....... 
Shears and Air 
Compressor . 
Lighting 
Reheating Furn- 
aces 
Auxiliaries at 
Main Rolls...... 
Auxiliaries at 
Shear 
Pipe Mills 
No. 1 Pipe Mill.. 
No. 2 Pipe Mill. ..L2+K2 
No. 3 Pipe Mill...L3+K3 
Finishing End.....L4+K4 
Totals ——_—_—_—- 
eet Disa enacts D1+-D2+-D3 
Input to Rotary 
Converters A2+B2+C2 


Total A. C...F1+F24F3 

In the above tabulation the a.c. 
power is put in one column and the 
d.c. power in another, opposite the 
item against which it is to be 
charged. The amount of power is 
indicated by the symbol of the me- 
ter which measures the power being 
charged. As a final check on the 
work, the total of the d.c. column 
should equal (D1+D2+ D3) and the 
total of the a.c. column plus the in- 
put to the rotary converters (A2+ 
B2+-C2) should equal (F1+F2+F3). 

The above gives the power dis- 
tribution in kilowatt hours. Before 
the charges can be made in the 
proper accounts the power must be 
evaluated in dollars and cents. The 
total a.c. power cost is taken as the 
sum of the following items: 
Superintendence. 

Power house operating labor. 
Steam. 

Water. 

Repairs. 

Supplies. 

: Line repairs. 

The sum of these items divided by 
the output of the station (F1+F2 
+F3) gives the a.c. power cost per 
kilowatt hour. 

The total d.c. power cost is the 
sum of the following items: 

1. Superintendence. 

2. Substation operating labor. 

3. Repairs. 

4. Supplies. 

5. Cost of the total A. C. power 
input to the rotary converters (A2+B2 
+C2). 

The sum of these items divided by 
the total d.c. output (D1+D2+D3) 
gives the cost per d.c. kilowatt hour. 
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The above costs are not total costs 
because they do not include the in- 
vestment, depreciation, taxes and in- 
surance costs. The costs which have 
been determined are what are known 
as operating costs. 

Having found the a.c. and d.c. 
kilowatt hour costs, the power sum- 
mary may be evaluated and the 
proper charges made. 

A log or record sheet is made out 
each day for each power house and 
substation. These are of value for 
the following reasons: 


1. They provide an hourly record of 
the load on the generators and of the 
output over the individual feeders. 


2. They provide a daily record of 
the machines in service. 

3. A record is made of all switching 
operations. 

4. It insures that the operator 
makes an inspection of each meter at 
least once .an hour and thus forcibly 
brings to his attention any irregularity 
that might develop. 


Copies of the record sheets used in 
the power house are shown. The 
electrical record sheet is made out 
by the switchboard operator and the 
mechanical record sheet is filled in 
by the turbine engineer. 

It will be noticed that on the elec- 
trical record sheet spaces are pro- 
vided for recording the loads on the 
generators and the bus on which 
each generator is operating. The 
same is true of the exciters. There 
are spaces for the hourly readings 
of the feeder watthour meters and 
the totalizing watthour meter. Also 
a record is made of the station volt- 
age, frequency, power factor, ground 
detector, and generator temper- 
atures. A record is kept on this 
sheet of the time of starting and 
stopping the various units. Also all 
switching is recorded in its proper 
place. The record is signed by the 
operators on duty. 

The mechanical record sheet is 
along the same lines, except that 
data is recorded concerning the tur- 
bines and the pump operation. 

A substation record sheet is 
shown. On this sheet is recorded 
the operation of a flywheel motor- 
generator set operating the revers- 
ing main drive, a rotary converter, 
a motor-driven blower, a motor- 
driven exciter, a bank of transform- 
ers supplying the 440-volt power, and 
a transformer supplying the 115-volt 
lighting. Space is also provided for 
recording the size of material being 
rolled by the main drive. These 
record sheets form the day book or 
journal of the electrical operation, 
and it is from these sheets that the 
ledger or power summary is made. 
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A word should be said about the 
meters, for the meters are the back- 
bone of the power distribution which 
has been described: The meters 
should be located in the middle or 
upper half of the switchboard so 
that they may be easily and accur- 
ately read. This location also gets 
them further away from the dust 
of the floor. In the case of the d.c. 
switchboards, however, it is neces- 
sary to put them in the bottom sec- 
tion of the switchboard, because the 
knife switches, indicating meters, 
and carbon circuit breakers take up 
the rest of the space. If the location 
is at all clean, glass covered watt- 
hour meters are recommended, be- 
cause they enable the operator to 
give the meter a casual inspection 
without opening them. 

A uniform scheme of connections 
should be adopted for each type of 
meter, and this scheme should be 
consistently followed throughout the 
plant. This is particularly impor- 
tant in the case of the a.c. watthour 
meters. Testing clips should be pro- 
vided for the meters, and marked 
so that they can readily be identified. 
At the plant described in this article 
the pressure fuses for each a.c. watt- 
hour meter are marked A, B, or C, 
in yellow paint, to correspond to 
whichever phase the particular wire 
belongs. Likewise the current trans- 
former leads are marked at the 
testing clips; A for the line side of 
the A-phase current transformer, C 
for the line side of the C-phase cur- 
rent transformer, and O for the 
common side of both transformers. 

The system of meter checks de- 
scribed in this article will tell when 
testing of the meters is necessary. 
In general, however, it may be said 
that the a.c. meters should be tested 
at least once every two years, and 
the d.c. meters at least every year. 

There are many ways of testing 
watthour meters, but for the ordi- 
nary industrial works, there is only 
one accurate way, and that is by the 
use of a portable rotating standard 
watthour meter. The portable ro- 
tating standard is connected in se- 
ries with the meter under test and 
the tested meter’s indication com- 
pared with that of the standard. 

.The third section of this article 
will take up procedure in an ac- 
counting of the work done by men in 
an industrial works responsible for 
the operation and maintenance of 
electrical and associated mechanical 
systems. The first section of this 
article appeared in the January, 
1923, issue. 
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Here Is a 
Summary of 


Changes In 
National 


Electrical Code 


Dealing with Motor 
Protection, Fusing 


Circuits, Grounds, - 


Crane Wiring, etc. 


By E. H. HUBERT 


Associate Editor, Industrial Engineer 


NUMBER of important addi- 
A tions and changes in the Na- 

tional Electrical Code have 
been made by the Electrical Com- 
mittee of the National Fire Protec- 
tion Association. These changes em- 
body proposals made to this com- 
mittee during the last three years 
and the results of a public hearing 
in New York City on March 12. The 
changes in the code rules of interest 
to those doing industrial work refer 
to motor protection, the omission of 
fuses in neutral conductors and the 
use of 15-amp. fuses in 125-volt 
branch circuits eliminating the “600- 
watt” rule. A thorough revision is 
being made of the wording as well as 
the requirements of the code. This 
will not be completed for some time 
however. In the following para- 
graphs the most important of the 
changes are discussed. On the fol- 
lowing page they are printed more 
fully with notations showing the old 
rules to which they refer. They may 
be used in this form to compare with 
the old rules. 


MorE LIBERAL RULES ON MOTOR 
PROTECTION 


Motors may be grouped under the 
protection of one set of fuses pro- 
vided the rated capacity of the fuses 
does not exceed 15 amp. and the 
total wattage of the circuit does not 
exceed 1200, or the wattage may be 
of any value provided a thermal cut- 
out is used on each motor. The old 
rule set a limit of a 10-amp. fuse and 
660 watts total. 
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Where circuit breakers are em- 
ployed to protect a motor, fuses are 
not required provided that the fuse 
or circuit breaker next back on the 
line is set not above 300 per cent of 
the motor nameplate current rating. 

Formerly when the over-load pro- 
tection on a direct-current motor was 
shunted during starting, a separate 
set of fuses or circuit breakers was 
required for the motor. Now this 
set is not required provided the next 
overload protection (fuses or 
breaker) back on the line is set at 
not over 300 per cent of the motor 
current rating. 

Overload protection may be omit- 
ted at the point where a branch for 
one motor taps the mains provided: 
(1) The branch conductors have a 
carrying capacity at least one-third 
that of the mains; (2) the length 
of the conductors from the mains to 
the motor protective devices is not 
over 15 ft., and (3) the conductors 
are protected against . mechanical 
injury. 

Every motor installed in a place 
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where there is combustible dust in 
the air in sufficient quantities to pro- 
duce an explosion must either be of 
the totally enclosed type or be placed 
in a ventilated dust-tight room. 


No FUSES IN NEUTRAL BY 
PERMISSION 


Where the secondary system is 
grounded at the service, the equip- 
ment, conduit, armored cable, metal 
raceways and the like may, by special 
permission of the inspection depart- 
ment having jurisdiction, be con- 
nected to the circuit-grounding con- 
ductor, but otherwise shall have a 
separate grounding conductor of its 
own. 

The wrapping and soldering of 
wires to form a ground connection 
is not to be absolutely prohibited. 

Unfused neutrals or ground cir- 
cuits will be permitted on two-wire 
and three-wire branch circuits by 
permission of the inspection depart- 
ment. That is, omission of fuses 
in these conductors is allowed by per- 
mission. (Continued on page 196.) 
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1923 Changes in National Electrical Code Rules 


The italics indicate.the additions in the 1920 edition of 
rules as amended 


Rule 8c. Overload Protection of Mo- 
tors. Amended to Read: 

Motors may be grouped under the 
protection of a single set of fuses 
provided the rated capacity of the 
fuses does not exceed 15 amp. and the 
total wattage of the circuit does not 
exceed 1,200, or provided each motor 
is protected by thermal cut-outs. The 
number and size of the motors 
grouped with thermal cut-out protec- 
tion need be limited only by the 
maximum size of the fuses with 
which the thermal. cut-outs can be 
safely used, and each thermal cut-out 
must be marked to indicate the size 
of this fuse. 

Fuses are not required in addition 
to circuit breakers (a) on main 
switchboards, (b) where otherwise 
subject to competent supervision, or 
(c) where next back on the line there 
are fuses rated or a circuit breaker 
set at not over 300 per cent of the 
motor nameplate rating, (d) for cir- 
cuits above the capacity for which 
there are no standard fuses. 

Where the motor-running protec- 
tive device is shunted during the 
starting period the motor and the 
portions of the motor branch circuit 
between the motor and its running 
protective device are considered as 
being sufficiently protected during 
the starting period by the nezt over- 
load protective device back on the 
line if the rating of this fuse or the 
setting of this circuit breaker is not 
over 300 per cent of the motor name- 
plate current rating. 

Conductors carrying the current of 
only one motor must have a carrying 
capacity of at least 110 per cent of 
the nameplate current rating of the 
motor, the actual size to be deter- 
mined by the rating of the fuses or 
the setting of the circuit breaker pro- 
tecting them. 

Automatic overload protective de- 
vices may be omitted at the point 
where conductors carrying the cur- 
rent of only one motor are connected 
to the mains, provided their current- 
carrying capacity is at least one- 
third that of the mains, the length 
of the conductors between the mains 
and the motor protective devices is 
not greater than 15 ft. and they are 
suitably protected from mechanical 
injury. 

Rule 8f. Motor Switches. Amended 
to read: 

In places where combustible dust 
is thrown into suspension in the air 
in sufficient quantity to produce ez- 
plosive mixtures, such as in flour 
mills, grain elevators, etc., or where 
st is impracticable to prevent dust or 
flying material collecting in danger- 
ous quantities on or in motors, all 
motors shall be either of the totally 
inclosed type or shali be placed in 
separate dust-tight rooms or non- 
combustible housings. Such rooms or 
housings shall be effectively venti- 


lated from a source of clean air. 


Rule 15Aj. Ground Conductors. 
Amended to read: 
Where the secondary system is 


grounded at the service, the equip- 
ment, metal raceway and the like 
may, with permission of the inspec- 
tion department, be connected to the 
circuit grounding conductor, but 
otherwise shall have a_ separate 
grounding conductor. 

Rule 15Am. Switchboard Instru- 
ments. New section added to 
read: 

Where meters and instruments are 
used with current and potential 
transformers, the cases of the meters 
and instruments may be connected 
to the secondary circuits of the cur- 
rent and potential transformers and 
grounded for the purpose of avoiding 
errors due to electrostatic action, in 
which case No. 12 B. & 8. gage copper 
wire or larger shall be used for the 
grounding conductor. 

Rule 23d, Fuses for Branch Circuits. 
Amended to read: 

For the purpose of this section the 
terms “branch circuits’ and “outlets” 
are defined as follows: 

“Branch circuit’ is that portion of 
a wiring system extending beyond 
the final set of fuses or circuit break- 
ers protecting it, and at points on 
which current is taken to supply 
fixtures, lamps, heaters, motors and 
current-consuming devices generally; 
such points are designated as “out- 
lets.” 

By special permission of the in- 
spection department, two-wire branch 
circuits from systems having 
grounded neutral or one side 
grounded, and where the grounded 
conductor is identified and properly 
connected, may be protected by a 


_ fuse in the ungrounded wire, no fuse 


being placed in the grounded wire. 
Otherwise two-wire branch circuits 
shall be protected by a fuse in each 
wire. 

Three-wire branch circuits may be 
run from direct-current or single- 
phase alternating-current systems 
having a grounded neutral, in which 
case the neutrals of the branch cir- 
cuits shall not be fused. The neutrals 
of such circuits shall not be inter- 
connected except at the center of dis- 
tribution. 

Branch circuits in general, and ex- 
cept as described below, shall be 
protected by fuses of no greater rated 
capacity than: 15 amp. at 125 volts 
or less, 10 amp. at 126 to 250 volts. 

Fixture wire or flexible cord of No. 
18 or No. 16 gage shall be considered 
as properly protected by 15-amp. 
fuses. . Receptacles for attachment 
plugs (convenience outlets) are 
strongly recommended in order to 
facilitate the use of electrical appli- 
ances, which otherwise must be con- 
nected to sockets designed primarily 
only as lamp holders. 

On a two-wire branch circuit and 
on either side of a three-wire branch 
circuit the number of outlets shall 


not exceed twelve except by special - 


permission. 

Branch circuits supplying only 
sockets or receptacles of the “Mogul’ 
type shall have the wires protected 


by fuses having a rated capacity not 

greater. than: 40 amp. at 125 volts or 

less, 20 amp. at 126 to 250 volts. 

The number of “Mogul” sockets on 
a two-wire branch circuit and on 
either side of a three-wire branch 
circuit shall not exceed eight except 
by special permission. 

Mogul sockets and receptacles and 
the fixtures with which they are 
used, sha]l be wired with conductors 
of not less than No. 12 B. &. S. gage. 
Taps from circuit wires to the points 
of suspension of such sockets, re- 
ceptacles and fixtures shall not be 
over 18 in. in length in order to be 
considered protected by fuses speci- 
fied above. 

Rule 26a. Wires. Substitute for first 
paragraph: 

For the conductor sizes No. 8 and 
smaller the neutral conductor on all 
three-wire circuits and one conductor 
on all two-wire circuits shall have 
continuous identifying marker readily 
distinguishing it from the other con- 
ductors. 

Rule 28. Interior Conduits. b. 
Amended to read: 

Concealed extensions from existing 
branch circuit outlets in buildings of 
fireproof construction, may be made 
by means of approved flexible or 
rigid conduit, not smaller than 5/16 
in., or other forms of metal race- 
ways approved for the purpose, and 
fittings containing one No. 14 B. & 8. 
gage rubber-covered wire. This con- 
duit is not to run in concealed. spaces, 
but is to be laid on the face of the 
fireproofing and may be plastered 
over. Extensions of this kind shall 
be confined to the room or suite in 
which they originate. 

Rule 48. Electric Cranes. c. Switches 
and Cut-outs. 3. Amended to 
read: 

Where there is more than one 
motor on a crane, each motor with 
its leads must be separately protected 
by an automatic cut-out in accord- 
ance with No. 8c, except that where 
two motors operate a single hoist, 
carriage, truck or bridge and are 
controlled as a unit by one controller, 
the pair of motors with their leads 
may be protected by a single auto- 
matic cut-out. The cut-out should be 
located in the cab when there’is one. 


Rule 47. Primary Wires. Amended 


to read: 

b: Air-break disconnectors shall 
be installed between oil switches 
which are used as service switches 
and the supply wires. 

Rule 86a. Radio Equipment. For 
Receiving Stations Only. Amend- 
ed to read: 

Antennas outside of buildings shall 
be kept well away from all electric 
light and power wires for any circuit 
of more than 600 volts and from rail- 
way, trolley or feeder. wires so as 
to avoid the possibility of contact 
between the antennas and such wires 
under accidental conditions. 

Antennas where placed in proxi 
mity to electric light and power 
wires of less than 600 volts shall be 
constructed and instatled in strong 
and durable manner and shall be 
located and provided with suitable 
clearances so as to prevent accidental 
contact with such wires by sagging. 





























Some of the 
Allowances for 


Operating Conditions 
Affecting Belt Service 


To be Taken into Account When 
Ordering Belts for Industrial Uses 


largely overcome if more 

users insisted on ample pulley 
sizes for both motors and ma- 
chinery. If a pulley is too small in 
diameter or too narrow it requires a 
heavier belt where a lighter belt, 
wider if necessary, would serve the 
purpose better.. The work done in 
either case depends upon a fixed 
number of revolutions per minute, 
and with that factor constant, the 
only logical means of getting away 
from the evil combination of small, 
high-speed pulleys is to increase the 
size. In the majority of industrial 
drives, belts run at an average speed 
of under 2,000 ft. per min., whereas 
@ more economical speed is between 
3,000 and 4,500 ft. per min. It is 


Be TROUBLE would be 





By FRANK E. GOODING 
Associate Editor, Industrial Engineer 


possible in many instances to in- 
crease pulley diameters without any 
practical disadvantage to the ma- 
chine design. There are, of course, 
cases where increasing the diameter 
is not practical, but a wider face and 
belt could be used. This would per- 
mit the use of lighter ‘belts wide 
enough to handle the loads without 
having to be over-plied or extra 
heavy. Many times these problems 
are those of machine design and be- 
yond the control of the belt user. 
Short pulley centers and vertical 
drives work against efficient belt 
service; this is particularly true 
where either of the pulleys is small. 





OFTEN, TO FORESTALL trouble, 
belts larger—and more expensive— 
than necessary are used. In other 
cases to save money belts too small are 
installed and are a constant source of 
trouble. The purpose of this article 
is to furnish the information needed 
when selecting the belt that fits the 
conditions and will give reliable serv- 
ice without unnecessary installation 
cost or expense for maintenance. 





Side belts on wood planers operate under 
especially severe service conditions be- 
cause of the high speeds and the rela- 


tively small pulley diameters. This is a 


leather belt made endless. 





The arc of contact, a direct factor in 
transmitting power, is decreased by 
short centers, except where an idler 
is used as in the well-known Lenix 
drive. In vertical drives, as shown 
in one of the accompanying sketches, 
the effective tension is reduced, ex- 
cessive slippage, which may burn out 
the belt, results, and belt costs are 
greater. 

The usual method of increasing 
the are of contact, or regulating ten- 
sion, is by using an idler pulley. 
While some forms of idlers are un- 
doubtedly necessary for certain 
drives, it is fundamental that the 
additional flexing in the opposite di- 
rection from regular curvature de- 
mands increased belt flexibility often 
at the expense of belt life. In some 
cases the use of patent fasteners 
puts limitations on the use of idlers. 

While recognizing that it is eco- 
nomical and often necessary to save 
floor space, it is also possible to lay- 
out the transmission so as. to allow 
suitable pulley centers and avoid ver- 
tical drives. This calls for the intel- 
ligent use of jackshafts and coun- 
tershafts to help avoid too great 
difference in pulley sizes. Wherever 
possible, it pays to eliminate quarter 
or half-turn drives. Also, it is not 
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Determining Horsepower 


of Belting 


For single leather belts every inch 
in width will transmit one horse- 
power for every 600 ft. of belt 
speed per min., dauble leather 
belts 50 per cent more. 


It is impossible to give rules for 
horsepower that belting will trans- 
mit under all conditions. The fol- 
lowing rules and tables will be 
found approximately correct pro- 
viding the pulleys are of fair and 
equal size. ; 

Doubling the diameter of the 
pulleys, at the same number of 
revolutions and with like contact 
of belting, doubles the horsepower 
of the belt. 


Rule No. 1 


To determine the width of belt re- 
quired to transmit a given power 
at a given speed. 


For single leather and 4-ply rubber 
belts. 


Multiply amount of horse- 
power to be transmitted by 
33,000 and divide the product 
by the product of the speed of 
the belt, in feet per minute, 
multiplied by 60. The quotient 
will be the width of the belt 
in inches. 


Example—W hat is required 
width of belt to transmit 100 
horsepower at a speed of 3,500 
feet per minute? 


100 X 33,000 _ . 
3,500 X60. ~ 15% inches. 
For light double leather or 5-ply 


rubber belts 
_ Multiply by 80 instead of 60. 


For heavy double leather or 6-ply 
rubber. belts 

Multiply by 100 instead of 60. 
For 6-ply rubber belt 

Multiply by 120 instead of 60. 


For 3-ply leather or 8-ply rubber 
belts 
Multiply by 140 instead of 60. 


Rule No. 2 


To determine the amount of power 
a belt of given width will trans- 
mit running at a given speed. 
For single leather or 4-ply rubber 
belts. 


Multiply width of belt in 
inches by 60 and the product 
by speed of belt in feet per 
minute and divide the product 
by 33,000. The quotient will 
be the amount of horsepower 
that a belt will transmit with 
safety. 

Example—How many horse- 
power will a 10-inch belt trans- 
mit, running at 4,000 feet per 
minute ? 


10 X 60 X 4,000 __ 7 _ 
33,000 me! : 


For other weights of leather belts 
or plies of rubber belts multiply 
by the same factors given in Rule 
1 instead of by 60. 
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uncommon to use pulleys large and 
heavy enough to assist belts by their 
fly-wheel action to break the blow 
of sharp overloads with their mo- 
mentum where extremely heavy duty 
is encountered. These are only a 
few of the service factors which 
should be considered carefully from 
both an initial cost and production 
standpoint in their relation to belt 
upkeep. Of course, it is to be ex- 
pected that a belt of extra size, un- 
der proper operating conditions, will 
give less trouble. However, about 
20 per cent of the cost of over-size 
belting may be attributed to motors 
or pulleys of the wrong size. 


SELECTING THE RIGHT BELT 


When a new installation or alter- 
ation of existing equipment is 
planned the most suitable pulley and 
belt size may be selected to fit the 
particular requirements, after con- 
sideration of the service conditions. 
With pulley sizes and installations 
fixed, it is necessary to know what 
belt is best suited to meet the con- 
ditions. Before duplicating the pre- 
vious belt installation it always pays 
to investigate its life and condition, 
particularly to see whether it is un- 
der or over-sized. 

First, a belt (limited in maximum 
width by the pulley faces) must be 
chosen which will transmit the re- 
quired horsepower. The most com- 
mon error causing trouble here is in 
figuring on average rather than 
maximum horsepower. Reputable 
manufacturers allow a safety factor 
in rating the capacity of their belts. 
When a belt listed as capable of 
transmitting 100 hp. at a given 
speed is used to handle 150 hp., even 
intermittently, this overloading often 
reduces the actual utility of the 
belt to a point where it will not carry 
the load. Belts should be figured 
to the maximum power they will be 
required to handle, when possible. 
This should include the starting load. 

The opposite fault (less noticed 
because it does not cause trouble in 
the shop) is over-belting. There is 
no sense in paying $100 for a 10-in. 
belt when a 6-in. belt at $60 is ample 
for the work and will last just as 
long. Often a belt is replaced in the 
shop by one much wider, merely to 
expedite production or te use up an 
old piece. When another is needed 


the wider belt is duplicated at an ex- 
pense greater than necessary. Of 
the two evils, over-belting is the least 
expensive in the long run, but there 
is no excuse for doing so to the ex- 
tent of adding unnecessarily from 
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How to Determine Length 
of Belt 


Rule No. 1 
When both pulleys are nearly the 


same diameter: 


Multiply one-half the sum of 
the diameters by 38.14. To 
this number add twice the dis- 
tance (C.D.) between centers. 


[% (D+ d) X 3.14] + 2C.D. 
= length of belt. 


Example—An open drive has 
a 24-in. and an 18-in. pulley. 15 
ft. between centers. 
% (24+18)xk314= 66 
15x 12 x2 = 360 
Length of belt = 426 in. 
=385 ft. 6 in. 


Rule No. 2 


When the two pulleys are of quite 
different diameters, to obtain the 
desired length, add A+B-+C. 


A=Multiply one-half of the 
“99 of the diameters by 
3.14. 


B=Multiply the distance be- 
tween centers by two. 


C=—Square the difference in 
diameter of the two pulleys 
and divide by four times 
the center distance. 


Example—An open drive has 
a 6-ft. and a 24-in. pulley, 20 
ft. between centers. 


[(72+24)x<3.14]+2 =151. 
20«12x«2 —480. 
(72—24)’+(4x240) = 25 
Length of belt =633.5 in. 
= 52 ft. 9% in. 


Rule No. 3 


For crossed drive to obtain the 
length of belt, add A+B. 


A=Multiply one-half the sum 
of the diameters by 3.14. 


B=Square one-half the sum 
of the diameters. Add to 
this the square of the center 
distance. Extract the 
square root and multiply by 
two. 


Example—A crossed drive has 
a 14-in. and a 16-in. pulley, 12 
feet between centers. 


(14+16)+23.14 = .47.1 
2V [4% (14+4-16)*+ 
(12X12)?] =289.4 
Length of belt =336.5 
=28 ft. % in. 




















20 to 100 per cent to the belting costs. 

Most manufacturers of belting 
give a method of determining the 
horsepower for each of the types 
and grades of belting they list. In 
general, the horsepower transmitted 
depends upon the width of the belt, 
the speed and the tension of the belt, 
which is the variable factor. One 
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Operating a hot saw is a particu- 
larly hard service for any belt. 


Due to the high speed and intermittent 
shock loads a hot saw is a particularly 
punishing drive for a belt. In this 
case,-the hot saw is belted directly to 
the motor by a Balata belt. 





of the most common “rules of 
thumb” is that each inch in width 
of single-ply, light leather belt trans- 
mits 1 hp. for each 600 ft: per min. 
belt speed. Light double belt trans- 
mits about 60 per cent more than a 
single belt. One rule used is: 
i Width (in.) < Speed (ft. per min.) 
p.= 





Constant 
One set of figures which may be 
used as a constant for different 
weights of leather belts is as fol- 
lows: 


Weight of Belt Value of Constant 


Light Single 660 
Heavy Single 575 
Light Double 410 
Heavy Double 370 
Three-ply 330 


This implies that the belt is in- 
stalled and maintained at the proper 
tension. How to get this tension 
will be given in the next article of 
this series. 

Unless the belt user knows the 
grade of canvas of which a fabric 
or rubber belt is made, the influence 
of the “friction” binder and other 
factors, which vary with each grade 
and make of canvas or rubber belt- 
ing, it is difficult to use this same 
rule by applying new constants. 
However, in such cases the methods 
recommended by the manufacturers 
of the belt should be used. 

One important consideration in 
choosing the proper belt is that belts 
should not be used over pulleys too 
small in diameter. Instead, if it is 
desired to use a double belt or heavy 
belt, the pulley’ should be made 
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wider, so that a single belt would be 
able to transmit the same amount 
of power unless it is possible to 
increase the diameter of pulleys 
and consequently the belt speed. 
Particular attention should be given 
to this in choosing belts for motors, 
as ordinarily the motor pulley is of 
small diameter, due to the necessity 
of a large reduction in speed be- 
tween it and the shaft of machine 
driven. Whenever belts are used 
over pulleys of too small diameter it 
results in decreased power, as the 
belts do not have sufficient arc to 
grip the pulley tight enough to give 
it good pulling power. Double belts, 
if not too stiff, operate very satisfac- 
torily over small pulleys. In many 
cases it is absolutely necessary to 
use heavy belts over small pulleys as 
on side belts on woodworking ma- 
chinery. The accompanying table 
gives one set of recommendations as 


Diagonal Lines Represent Diameter of Pulley in Inches 





Rey. per Min. of 





§ Wo 4 6 68 2 2 A 2 2 3 3 BA 36 38 40 42 44 


Pulley Rim or Belt Speed in Ft. per Min. 


46 3 
Ss 
46 ¢ 
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+ Diameter of Pulley in 


96 Cc 


Diagonal Lines Repre 


5000 - 5500 6000 






to the smallest diameter pulleys to 
be used with the various types or 
grades of leather belting. 

Still greater attention must be 
paid to this in choosing the proper 
canvas or rubber belt in relation to 
the pulley over which it is to operate. 
Where pulley diameters are ample 
for the speed at which they revolve, 
the belt will usually be flexible 
enough to pass around the pulleys 
and transmit full power. However, 
with small, high-speed pulleys care 
must be taken to limit the number 
of plies and the construction of the 
belt so as to prevent ply separation 
and excessive belt wear. There is 
no standard set of rules for limiting 
the number of plies for different 
diameters of pulleys and speeds, be- 
cause different manufacturers use 
various weights of fabric and fric- 
tioning compounds to bind the plies 
together. For this reason the man- 
ufacturers’ recommendations should 
always be considered. One manufac- 
turer of rubber belts recommends 
the relation of pulley diameter, 
speed and plies as shown in the ac- 
companying table. In this the belts 
are manufactured in three different 
weights; light, medium and heavy. 
These are made from 28-0z., 32-0z., 
and 36-oz. duck folded into the 
requisite number of plies. To say 
that 32-0z. duck is used means that 





Charts for determining belt speed 
when r. p. m. and diameter of 


pulley are known. 

The belt speed in ft. per min. is found 
at the intersection of the horizontal 
line representing r. p. m. and the di- 
agonal line representing the diameter 
of the pulley in inches. Extend down- 
ward on the vertical line at the inter- 
section and read the ft. per min. at 
the bottom. 
















































Vol.81, No.4 














Some Applications of 


Leather and Fabric Belts 


in Industrial Works 














A—This 84-in. leather belt on a saw- 
mill drive required the best part 
of 250 steer hides. 


B—A 15-in., 5-ply rubber belt 
drives a 6-ft., 10-in. bandsaw. It 
is bad practice to have the belt 
extend over the end of the pulley 
as shown here. 


C—Operating conditions are such 
that this 6-in. Balata belt runs 
continuously in water. 


D—This 10-in., 6-ply, stitched, end- 
less, vertical drive belt on a mar- 
ble gang-saw drive operates 24 
hrs. per day. Tension is main- 
tained with a tightener pulley. 


_E—Two heavy leather belts are 
operated over the same driving 
pulley in this steel mill installa- 
tion. 


F—A 5-in. leather belt on a 9-in. 
cast-iron motor pulley revolving 
at 700 r.p.m. drives a 42-in. pul- 
ley on an air compresser. Here 
the equipment is operating at 
half load. The large amount of 
slack in the belt is due to the 
method of treatment. 


G—Wood-working machinery is a 
particularly hard drive. Here a 
5-in., 4-ply rubber belt drives the 
top-head matcher at the Pacific 
Door and Sash Company, Los 
Angeles, Calif. 


H—In many cases endless ropes are 
used in place of belts, as on this 
grain elevator. 


I—An endless, 12-in.,:6-ply Balata 
belt operates a large stone gang- 
saw at a 1]4-in. cut per minute. 


J—Solid-woven cotton belt on a 
vertical drive operates rotary 
hammer, which is a severe serv- 
ice, due to intermittent load. 


K—This 300 hp. cement mill drive 
is operated by a 28-in., 7-ply rub- 
ber belt at 3,300 ft. per min. 


L—This group of twenty marble 
gang-saws is equipped with 9-in., 
5-ply stitched belts. A leather 
belt is used for the motor drive 
to lineshaft. 


M—In very dusty locations, as ‘in 
this clay products plant, an al- 
lowance of from 5 to 10 per cent 
must be made, on account of loss 
due to excessive slippage under 
these poor operating conditions. 


N—Belts, operated with a tight- 
ener pulley on such short centers 
as these, are under a particularly 
heavy strain, due to the reverse 
flexing of the fibers. 


O—Industrial plants are still one of 
the big users of belts; many of 
them have literally miles of 2-in. 
to 5-in. belts. 
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Minimum Diameter of Pulleys 


Over Which Leather Belts May Be Successfully Operated 

















LINEAR. VELOCITY OF BELT IN 
FEET PER MINUTE 














| | Up to 24 in. 





WIDTH PLY WEIGHT 

| | 1,000 2,000 | 3,000 AND UP 

| | Light 2 in. 21% in. | 3 in. 

| Up to 8 in. | Single | Medium 3 in. 34 in. | 4 in. 

| | Heavy 4 in. &~- in. | 6 in. 

| | Light 4 in. 5 in | 6 in. 

| Up to 12 in. | Double | Medium 8 in. 10 in 12 in. 

| Heavy 10 in. isi. - i 14 in. 
Triple " Heavy 24 in. 30 in | 36 in. 




















a piece of duck measuring 36 in. by 
42 in. weighs exactly 32 oz. The 
weight of the fabric is difficult to 
determine by the belt user, and so he 
must rely upon the manufacturer’s 
statement. 

In rubber belts the “friction” of 
the rubber composition which is used 
to hold the plies together is of 
importance in determining the value 
of the belt. In testing a rubber belt 
it is not sufficient to judge its qual- 
ities simply by seeing how much 
strength is required to tear apart 
the plies and overcome the “fric- 
tion” binder. In rubber belting, as 
in the other types of. belting, as was 
pointed out in the previous article 
on belts in the March issue, strength 
is not the only important factor. It 
is not only the strength which holds 
the plies together, but also the life 
of the binder which is important. 
This, like many other qualities in 
belts, cannot be determined fully in 
advance. For that reason it is well 
to keep records of various types of 
belt installations, particularly if 
operating under ‘similar service con- 
ditions, and determine by experience 
the service rendered, the repairs 
needed and the shutdowns caused by 
the belts. Records of this sort will 
aid in determining whether a belt 
is not fitted for any particular serv- 
ice, and also the most economical 
types of belts. A later article will 
illustrate various types of belt 
records. 

In choosing a belt for an equip- 
ment allowances must be made for 
other than ideal operating condi- 
tions. Perhaps the nearest to an 
ideal condition would be where the 
pulleys are approximately of the 
same diameter, large enough so that 
there is not extreme flexing of the 
belt in passing over the pulley, and 
where the shafts are in a horizontal 
plane with the driving side under- 





neath, so that any slack in the re- 
turn belt will give a slightly addi- 
tional contact to the pulley. 

In vertical drives, especially when 
the small pulley is placed below and 
the large one above, the are of con- 
tact is very greatly reduced, and as 
the belt stretches under load it some- 
times falls entirely away from the 
lower pulley. In many instances the 
capacity of the belt is decreased 50 
per cent in vertical arrangements of 
this sort. 

One of the accompanying illustra- 
tions, page 195, shows three arrange- 
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ments for vertical drive. Of these 
the third is by far the most effective. 
In this case, however, the power 
transmitted decreases whenever the 
angle shown increases over 40 de- 
grees from the horizontal. One 
method of estimating the loss due 
to decreased effectiveness of these 
drives is to subtract one per cent of 
the capacity of the belt for every 
degree over the 40 deg. mark. For 
example, if a belt drive is at an angle 
of 65 deg. from the horizontal, the 
lost capacity would be 65 minus 40, 
or 25 per cent. Thus any belt used 
in this case would have its capacity 
decreased 25 per cent, or in other 
words, it would require a belt one-- 
third over the rated capacity to drive 
this installation. For example—a 
20 hp. belt would be required where 
ordinary computations would show 
that 15 hp. would be sufficient. A 
vertical belt would give only 50 per 
cent of its rated capacity, or in other 
words, the belt would have to be 
double the capacity shown by ordi- 
nary computations. It is often better 
to add capacity in vertical drives by 
increasing the width of the belt 
rather than by using one thicker or 
heavier. 

































































Minimum Pulley Diameters Recommended 
for Different Speeds and Weights of Rubber Belts 
OPER ATING CONDITIONS WEIGHT OF BELT RECOMMENDED* 
SPEED SPECIAL Licut Heavy |Extra Hy. 
PuttEY DIAMETER} py Per Min. | Nor Over| Nor Over| Nor Over| Not Over 
4 in. Over 2000 4 Plies 3 Plies 
Under 2000 5 Plies 4 Plies 
Over 2000 5 Plies 3 Plies 
5 to 6 in. 1000—2000 5 Plies 4 Plies 
Under 1000 6 Plies 5 Plies 4 Plies 
Over 2000 5 Plies 4 Plies ; 
7 to Sin. 1000—2000 6 Plies 4 Plies 4 Plies 
Under 1000 7 Plies 5 Plies 4 Plies 
1500—2000 | 7Plies | 5 Plies | 4 Plies 
9 to 11 in. 1000—1500 7 Plies 5 Plies 5 Plies 
600—1000 8 Plies 6 Plies 5 Plies 4 Plies 
Under 600 6 Plies 6 Plies 4 Plies 
1200—1800 5 Plies 4 Plies 4 Plies ~ 
12 to 15 in. 600—1200 6 Plies 5 Plies 5 Plies 
Under 600 6 Plies 6 Plies 5 Plies 
900—1200 7 Plies 6 Plies 5 Plies 
16 to 20 in. 600— 900 7 Plies 6 Plies 6 Plies 
Under 600 8 Plies 7 Plies 6 Plies 
21 to 30 in. Any Speed 7 Plies 6 Plies 
Over 30 in. Any Speed 8 Plies 7 Plies 
Over 36 in. Any Speed 8 Plies 
~  *These figures of course are not hard and fast rules but are good standard 
practice. 
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One of the most common. allow- 
ances which must be made is for an 
arc of contact of less than 180 deg., 
due to a difference in diameter of 
the large and small pulleys. One 
method of determining this are of 
contact is by the following formula: 
Are of contact in degrees = 

180 — [60(D-d)~—L] 
D=Diameter of large pulley in inches. 
d=Diameter of small pulley in inches. 


L=the distance between centers of — 


shaft in inches. 

This formula will not give the 
exact arc of contact, but is close 
enough approximation for ordinary 
purposes. The accompanying _ta- 
ble gives the percentage of the 
ordinary capacity actually trans- 
mitted by a belt because of a lower 
arc of contact than 180 deg. For 
example, if the loss is 10 per cent a 
belt which would ordinarily transmit 
55 hp. would transmit only 50 hp. 

If the arc of contact on the smaller 
pulley varies from 180 degrees the 
amount of power transmitted will be 
in about the following proportions: 
120 deg. 79 per cent 
110 deg. 75 per cent 


100 deg. 70 per cent 
90 deg. 65 per cent 


170 deg. 97 per cent 
160 deg. 94 per cent 
150 deg. 91 per cent 
140 deg. 87 per cent 
130 deg. 83 per cent 


Where there is an extreme differ- 
ence between the diameters of the 
driver and driven pulleys and they 
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are placed on short centers, it is fre- 
quently necessary to use an idler. 
This gives a larger arc of contact on 
the small pulley, and also maintains 
the tension. This is hard service on 
a belt, in that it gives a reverse bend- 





Three types of arrangements for 
. a vertical drive. 

Of these, No. 1, at the left, is least ef- 
fective and calls for extremely high 
tension or an allowance of about 50 
per cent loss in operating efficiency. 
The second arrangement is much bet- 


ter. This, however, calls for an allow- 
ance of from 15 to 25 per cent. The 
third arrangement is the best. One 


plan is-to allow 1 per cent loss in ef- 
fectiveness for every degree over 40 
deg. from the horizontal. These illus- 
trations are by the courtesy of Chas. 
A. Schieren Company. 





ing as it passes over the idler pul- 
ley. Great care must be exercised 
to see that a satisfactory pliable belt 
is used. For cases of this sort a 
chrome-tanned leather belt is often 
ordered. 

Usually little is gained by oper- 
ating belts at a greater speed than 
4,500 ft. per min., although many 
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are operated satisfactorily ‘up to 
5,000. Above this point the centrifu- 
gal force of the belt simply lifts the 
belt from the pulley and so decreases 
the friction contact which gives a 
belt its pulling power. To overcome 
this force it is necessary to increase 
the tension which often results in 
short life, friction loss and fre- 
quently causes considerable trouble. 
It usually is possible to reduce the 
speed of the belt by decreasing the 
diameter of the pulley, and thereby 
eliminate the cause of the trouble. It 
must be remembered, however, that 
if the speed is decreased a larger 
belt, preferably wider, must be used 
to transmit the same horsepower. 

In ordering a belt for any special 
location, certain information should 
be given. All the questions which 
have any bearing on the selection of 
a belt for unusual service are shown 
in the card reproduced with this ar- 
ticle. In ordering a leather belt the 
following information must be given: 


1. LenetH. State exactly the dis- 
tance around the pulley. Do not give 
length including lap for the manufac- 
turer will allow the proper additional 
length for the lap. 


2. Enps. State whether belt is to 
be shipped “endless,” or “square ends,” 
or “and lap,” or what means the same 
as the last, “lap extra.” 

3. WiptH. State the exact width. 


4. GRapE. Specify the grade of belt 
desired or suggest that the manufac- 
turer supply what he recommends for 
the conditions specified. If conditions 
are unusual give complete information 
similar to that listed on the accompany- 
ing card. 


5. Pry. State whether single, double 
or three-ply. 
6. Lap. State if other than cemented 


lap is required. 
7. FinisH. State whether oil dressed 
or regular finish is wanted. 


Wherever possible it is best that 
belts be made endless. Methods of 
doing this will be shown in:the next 
article in this series, which will ap- 
pear in a later issue. If the belt 
is to be prepared endless by the 
manufacturer, it is necessary that 
he have accurate measurements. 
When measuring around pulleys to 
get the length of a belt use a steel 
tape or a wire, as other devices will 
stretch. 

Formulas which may be used to 





The front and back of this card is 
used to gather belt installation 
information. 


This card is used by the Victor Balata 
and Textile Belting Company to gather 
information on an industrial installa- 
tion which calls for unusual belt serv- 
ice. With the information given here, 
the engineering department of any 
belting company can make recommen- 
dations as to the best type and size of 
belt for any particular service. 
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determine the length of belts when 
pulleys are of different sizes or the 
same size, or for cross belts, are 
shown in the accompanying box. If 
a belt is to be ordered for a quarter 
turn, mule stand or for other un- 
usual conditions, it is best to send 
a blue print with dimensions, in ad- 
dition to the service conditions, to 
the belt manufacturer, and ask for 
his recommendations. 

Having determined upon a belt 
vhich at the given belt speed will 
feliver the correct power, and of 
fexibility suited to pulley diameters 
ind speeds, we must look for indi- 
vidual conditions that will affect the 
life of the belt. Some of these, in 
addition to those already mentioned, 
are as follows: 

An idler pulley so placed that it 
flexes the belt to any extent calls for 
more flexibility than an open in- 
stallation. 

If shifters are used the belt must 
have sufficient lateral stiffness. For 
general use, a wide, thin belt is pre- 
ferable; here a narrower and thicker 
belt will work better. This is par- 
ticularly true on cone pulleys and to 
some extent where belts are crossed, 
but with crossed belts flexibility is 
necessary if pulley centers are at 
all short. 

Quarter-turn drives, mule stands 
and such installations must have a 
proper balance of flexibility and lat- 
eral strength. 

The presence of excessive dust or 
dirt will probably cause slippage and 
require slight over-belting. In such 
cases it is preferable to increase the 
width. 

Excessive oil is injurious to rub- 
ber or fabric belting, and decreases 
the value of leather belt. 

The presence of water, steam, 
moisture or conditions of high hu- 
midity work against the best results 
from leather or fabric belts, unless 
specially treated to withstand the 
conditions. 

Hot, dry conditions are unfavor- 
able for any belts. 

When work requires that the belt 
slip, it will burn out; this is par- 
ticularly true of rubber or fabric, 
with link leather probably the least 
affected. 

Belts act as a safety valve in pro- 
tecting motors and machinery; in 
cases where motors are not elec- 
trically protected or costly machine 
parts will be broken by overloads, it 
is expensive to over-belt. 

In fitting the belt to the particular 
service condition under which it is 
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operating, it should always be re- 
membered that the farther the oper- 
ating conditions are from ideal belt- 
ing conditions, the greater will be 
the allowance necessary for over- 
coming these conditions. A number 











Allowance to Be Made 
for Belts Operating Under 
Abnormal Conditions 


Belts will be unable to deliver 
their full capacity and their out- 
put will be conditioned by the 
percentage indicated. This should 
be made up by wider, thicker, 
stronger belts, or by operating at 

® a greater belt speed as required. 


1. Where there is a very large 
difference between the pulley 
diameters, especially if oper- 
ated on short centers, add 10 
to 15 per cent. 

2. When operated at excessively 
high belt speed, from 4,250 to 

’ §,000 ft. per min., add 5 to 10 
per cent. From 5,250 to 6,000 
ft. per min., add 1244 to 20 
per cent. 

3. Quarter and half turns, add 25 
to 50 per cent. 

4. On horizontal drives with the 
pulling end of the belt on top, 
add about 7}4 per cent. 

5. On intermittent drives, such as 
rolling mills, add about 25 
per cent. Crushers or com- 
pressors, add about 20 per 
cent. 




















of these allowances have been indi- 
cated in this article. Frequently 
these conditions can be overcome. 
Some of the ways of doing this will 
be taken up in the next article on 
servicing belts. 

The author wishes to acknowl- 
edge special assistance from J. R. 
Hopkins, Chicago Belting Co., R. E. 
Moore, Chas. A. Schieren Co., and 
R. H. Whitney, The B. F. Goodrich 
Rubber Co., in the preparation of 
this and other articles in this series. 


Eprtror’s Note: Acknowledgement is 
made to the following companies for 
assisting in furnishing information and 
photographs for this and the other 
articles which will follow in this series: 
Louis W. Arny, Sec., The Leather Belt- 
ing Exchange, 119 S. Fourth St., Phila- 
delphia, Pa.; E. C. Atkins & Co., Indian- 
apolis, Ind.; Victor Balata & Textile 
Belting Co., New York, N. Y.; The Bris- 
tol Co., Waterbury, Conn.; Chicago Belt- 
ing Co., Chicago, Ill.; Cling-Surface Co., 
Buffalo, N. Y.; R. & J. Dick Co., Inc., 
Passaic, N. J.; Detroit Belt Lacer Co., 
Detroit, Mich.; Detroit Oak Belting Co., 
Detroit, Mich.; Flexible Steel Lacing 
Co.; Chicago, Ill.; The Gandy Belting 
Co., Baltimore, Md.; The B. F. Good- 
rich Rubber Co., Akron, Ohio; The Good- 
year Tire & Rubber Co., Akron, Ohio; 
The Graton & Knight Mfg. Co., Wor- 
cester, Mass.; Hide Leather & Belting 
Co., Indianapolis, Ind.; Imperial Belt- 








Vol.81, No.4 








ing Co., Chicago, Ill.; Jewell Belting Vo., 
Hartford, Conn.; Laurence Belting Co., 
New York, N. Y.; Manheim Mfg. & Belt- 
ing Co., Manheim, Pa.; New York Rub- 
ber Co., New York, N. Y.; W. H. Salis- 
bury & -Co., Chicago, Ill.; Chas. A. 
Schieren Co., New York, N. Y.; Stanley 
Belting Corp., Chicago, Ill.; The Strong 
Machinery & Supply Co., New York, 


N. Y.; United States Rubber Co., New 
York, N. Y.; I. B. Williams & Sons, 
Dover, N. H. 

il itiatey 


National Electrical 
Code Changes 


(Continued from page 187.) 

Permission is required to assure 
that the system to which the branch 
circuit is attached is properly 
grounded and that an_ identified 
grounded conductor is carried 
throughout the installation. 

The omission of the fuse. in the 
grounded side of branch circuits, it 
is considered by the committee, 
should be a part of a more general 
method of wiring which includes also 
the grounding of secondary circuits 
in a thoroughly reliable and perma- 
nent manner and use in installations 
of an identified grounded wire 
throughout the building properly 
connected to all fittings. Proper 
grounding of circuits and the polar- 
ization of wiring is not universal by 
any means yet, and it is felt that the 
omission of the fuse in the neutral 
should, therefore, be allowed at pres- 
ent only in places where the inspec- 
tion department has determined that 
the grounding and polarization is 
provided. It is expected that such 
permission will be given by inspec- 
tion departments for systems, cities 
and parts of cities where this pro- 
gram is known to have been actually 
carried out, rather than by a separ- 
ate ruling on new buildings in every 
case. 


Fuses For 125-VoLT BRANCH 
CIRCUITS 

Instead of placing a maximum 
limit of 10 amp. on 125-volt branch- 
circuit fuses, the Code now allows 15 
amp. for ordinary branch circuits 
and 40 amp. for circuits designed for 
“Mogul” sockets. The old limitation 
of 660 watts per branch circuit has 
been abolished. . Twelve outlets are 
allowed on two-wire branch circuits 
and on each side of three-wire cir- 
cuits. Likewise eight “Mogul” sock- 
ets may be connected per branch cir- 
cuit if fused for 40 amp. on 125 
volts. 

Where two motors on a crane. op- 
erate and (Continued on page 225.) 
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Rules and 
Examples Showing 


How to Group Coils 


In Windings of Induction Motors 
Having Any Number of Coils in 
Equal and Unequal Groups 


By A. C. ROE 


Shop Superintendent, Detroit Service De- 
partment, Westinghouse Electric and 
Manufacturing Company 

T is not difficult to determine the 
| proper grouping of coils for any 

induction motor when the de- 
tails of the method to use are under- 
_ stood. These details and some of 
the ways of figuring out groupings 
are explained in the following para- 
graphs. Of course the majority of 
windings are covered by the Main 
Table and the Winding Diagrams 


which appeared in the March issue 
on page 138 that accompany this 
series of articles. But for those 
cases that are not covered in the dia- 
grams, these general instructions 
will be useful. 

Any winding will fall in one of 
the four methods of grouping: (1) 
Equal grouping; (2) equal grouping 
with some dead coils; (3) unequal 
grouping; (4) unequal grouping 
with some dead coils. 

There is also a fifth possibility, 
which is, that the particular winding 












UNEQUAL GROUPING of the 
coils in induction motors may look 
like higher mathematics to those 
who have not had it explained to 
them, but it is not as difficult as 


it appears. In this article Mr. Roe 
gives some rules for both equal 
and unequal grouping. These rules 
are made up so that they will be 
easy to follow. They give just 
the information that is needed to 
handle a winding job that may not 
be covered in the tables which 
are being published with this ser- 
ies of articles which started in the 
March issue of Inpustriat En- 
GINEER. 




















is not practicable with the given 
number of coils. The rules and ex- 
amples beginning on page 205, will 
show in which of these classes any 
winding belongs and will explain how 
to make the various arrangements of 
coils in groups. 


ARRANGING UNEQUAL GROUPS 


A correct arrangement of unequal 
groups of coils can be worked out in 
several ways. One method is by fol- 
lowing an arrangement similar to 
that shown in the accompanying 








































































































e + * 
Four-Pole and Eight-Pole Unequal Grouping 
In the last issue the two tables below contained errors which should be corrected. The entire tables are printed below in the correct forra. 
UNEQUAL COIL GROUPING : 
FOUR-POLE THREE-PHASE, CHART D EIGHT-POLE THREE-PHASE, CHART H 
Top-to-Top Top-to-Bottom 
Group Numbers Group Numbers 
Coils Coils 
2 Bie see 6 oie wt 122 1 2 314 #5 617 8& 90 If 12[13 14 15/16 17 18/19 20 21/22 23 24 
Tg ee eS ee Se ee ees ee ee eS ARS ee cee foes Sot ee) ee eo er oe ee ca ae a ee Be 
eee eee ae eed es ee Se 8 SO 8. BS 8 2S ee 2 82s 3s. 2 2 2B. 2-32 
mtad- 6 ote 6S) 6 a 21S ) Se ea 2 se. SBR Fe 2 23D. 2 32 3.22 3 2B 2-3 
ai: 6: oat SSeS O76. 7 RP f+ S23 Fh 3 wD 2 3p Ht3s2 8 22° 3 28 2-3 
O17 7 ety 3 (784-7 747 7-74.04 3 3 €. 3B 4:39 3 4D 348 4 3B +13 3 3 
oily ee 718 2? & vy @ 7187 8] 44 . 3 43 4 33 434344 343433 434 3 4 
104} 8 9 0119 8 91919 8/9 8 9|] 8/4 41 43 313 4 3144 3 414 414|/3 4 3/3 43/4 3 4 
128 | 10 11 01-0]t) 10 Btftt-t tt = = 10 ]11 10 11 913 4 44 4 3/4 3 314k 4 4]4e 4k 4/4 3 484 4 43 4 4 
435 [02-0 0800 ee tat ae] ae oat nzettan at oan i] 104 se 4 64) 4 51 414 SE 4l4 4 5Kl4 4 5Klg SE 4 |g 5-14 )5 4 4 
150 | 12 13 12113 12 13] 12 13 1211312 13 || 1080/5 4 514 5. 4/14 5 45 45/15 45/1445 44 5 4)5 45 
160 [14-1 13 13 [13 14-1 13] 13. 13 14-1113 13 14-1]] 128 6 5 515. 61 515 6F 5/5 5 6%15 5 O65 6E 515 615 |e 5 5 
13516 5 661 6 5/5 6 56 616/46 5 6/5 6 GII5 65/6 5 6 
Top-to-Bottom 
i017 6 66 6 6/6 7 66 6 76 6 76 7 616 6 617 6 6 
ot Ge Sieg ee Bie Coe hae ey gee ee See Se ee Oe ee ieee ie ee | a ce A) ee ae 2 cee ae Mee ee | 
54; 4 5 415 4 3515/4 5]45 4 
62/615 5/5 5 51 5 GI 515 5 Silieol7 7-1 716 7 7-116 7 67 6 7{|7 7-17/6 7 7-16 7 6]7 6 7 
me F BI Se Pa 8 es? C38. 7.28388 
901 6 7 7-117 6 71 7 7-1 7167 6 
Os. 7.0 Oht- t ee Fa 
1-7 2-9 ye Ed. 212 er? 
EK A coil is killed in each group where this symbol appears provided it appears also in the Main 
ie - pth “4 (e - ‘t ie te - f re Sees Oe Sie 
a * It is suggested that the former tables referring to these groupings be marked with a reference 
135 [12-1 08 10 [00 12-0 OE] ad 2 oot 
to these corrected tables. 
150 | 12 13 12 |13 12 13) 13 12 13 [1213 12 
13 1441 13 13 14-1|13 13 14-1 
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winding diagrams. Table 1 (page 
205 will help in this method. An- 
other method is to lay out the groups 
on paper and thus determine the best 
arrangement. A third plan makes 
use of the inner circles on the dia- 
grams as shown in the winding dia- 
grams for fourteen poles and over. 
All of these methods are explained 
in the following paragraphs. 

For the first method, suppose as 
an example, we have the twelve-pole, 
three-phase winding with 90 coils, 
mentioned in the Example for Rule 
II-(a). There are 36 groups in this 
winding (12 poles « 3 phases=36). 
Now, as before, dividing the 90 coils 
by 36, we have 90-—36—2 and a re- 
mainder of 18. This means that 18 
groups will have an extra coil apiece, 
or 2+1=3 coils. The other groups, 
36—18—18, will have 2 coils apiece. 
Therefore there are eighteen large 
groups and eighteen small groups. 
Now in Table I (page 205) consult 
the section for twelve poles and three 
phases. (For windings having more 
than fourteen poles, the information 
is included in the winding diagrams 
for unequal grouping and not in 
Table I.) We see in the fifth column 
of Table I opposite 18 and 18, the fig- 
ure 54. The 54-coil winding also has 
18 large groups and 18 small groups 
and should be used as a guide. It 
will be found in Chart N. 

The second method may be fol- 
lowed where no guide can be found 
in Table I on page 205. In this 
method the groups are set down on 
paper, as shown in Table II on page 
205. Cross-section paper is the best 
to use. The particular winding 
shown in Table II has twenty-four 
coils and it is desired to connect 
them for six -poles, three-phase 
series. 

There are eighteen groups in this 
winding (6X3=18). Numbers cor- 
responding to these groups are put 
down in the first line. Underneath, 
in line 2, are placed letters A, B and 
C to show the phase of the groups. 
Now there are twenty-four coils and 
eighteen groups, and dividing 24 by 
18 we get a quotient of 1 and a re- 
mainder of 6. Therefore there are 
six large groups with two coils each 
and twelve small groups with 1 coil 
each. Now with eighteen groups 
total and six large groups, we get a 
pitch of 1 and 4 for the large groups 
(18-—6—8, which gives a pitch of 
1 and 4. In line 3 of Table II (page 
205) the cross marks () show the 
location of the large groups spaced 
1 and 4. In this case it happens that 
all the groups would fall in the A 


INDUSTRIAL ENGINEER 


phase if placed in this way. They 
must however be distributed equally 
among the three phases. To do this 
we can let the first one remain in 
the A phase as shown in line 5 of 
Table II. The next large group must 
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be placed in another phase. Usually 
it is better to place the second one 
in the C phase. This is done in line 
5. It is placed in the C phase of the 
same pole in which it was placed in 
line 3. The next large group is now 








Ten-Pole Windings 


UNEQUAL COIL GROUPING 





TWO-PHASE, CHART K 
Top-to-Top Connections 





Group Numbers 






































No. 

Coils 
1 243) 87S 6 ]°7 SO BO at 12 Sa ES 67 17:9 So 
A843 22 SS (D2 aah RS Pe Se AN 2 ee 
54/2 313 213 3/2 353 3/2 3/3 2B Bt 2 3S 3 
So4e3 Sis. 233 34S SS a i Se es a 
m3. 414° °3943 @€9¢ (£394 213: “S54. 3405 a 4 eee 
84/5. 414 414 SK 4 4/4 4/5KF 414 414 SE 4 4/4 4 
06 | S* 414 5-114- SE4 --4)4°_ 475® 4/5541 4)4- 254514 424 «4 
"ODS (4:18) “0S 2 48 CS ae 5 4 eS Se es 
6/4 5/5 SK SE 4/5 5/5 5/4 SESE 515 4/58 5/5 5k 
mie 51S SiS AS SES" 54 35) Ss SE as Ss SS 
Bs. OSES: S66 | SS) aS Bae SS Pe Ss Ss SS 
609° 616 2717 646 276 Sa 616. Oe ee Se 
957-1717 616° @47 “OTF Fees 22 eae I ie 
1444/8 7/|7 717 8k 7 ye ee Fis. 717 71462: CF ee | 7 
imst Fivy -746° O79. 7 8-247 277 78: 2st Sse ee 
6617 “8158 'o)8-. 748 B16 817. 616: Bie: “74s: (68-8 
“si. 618 ~919 -646 29:18 = 259:. 8616 -9}9.. BB 9] 8 -c28 
216 110 . 10-108. 19-]19 80 0 =< 10-19 10 ee 9 9 a 




















for this winding. 


KA coil is killed in each group where this symbol appears provided it appears also in the Main Table 





THREE-PHASE, CHART L 









































Top-to-Top and Top-to-Bottom 
Group Numbers 

No. |_ 
Coils 

12 3)4 5 6/7 8 9/10 15 12)13 14 15/16 17 18)19 20 21/22 23 24/25 26 27/28 29 39 
684-20.06°2. 1-02.24 264 8-12 2-9 102 29 28 2 0s 2 a ee eee 
84-1 2. 2422. 2:52 0° 242 2°31 2 S24 2.2 2S B28 212 tee 
6213-02) 2 T2222] 2 2) 2.522.251 2 2 32234 2 2 212 2 242 242 Se 
724.2 322.13. 2 2).2 3 3.) 2-2-2349: 227 2:3. 2332 212°3 3499.97 3'2 2 
0013 2.312 3°3 13 3682:]3 3-22-83 1hs- 2 5:12 3-3 13-33 S 3. 232 3 3 
96) 2°32 313 3°213°3.3 13 23.4343 3173 343925 2139 S 343 FSS: 353 
86 /3-13 3/332/3331/3 231333123 3)3 3301333132313 3 3 
96/4 3.313 3 413 3 313-4.35133 39143 343 3 463 3:31 34:393-3>3 
104/4-14 314331344133 4143313 4414331344133 4143 3 
108}/434/344/4331/4431344/434/34414331443/344 
128}5 44/45-141/4541/445/444/544/445114541/4451444 
113515 4514541545145 4| 5©4 5545 4/545/45 41/5454 5k4 
1444455155515 451554/555/455/5551545/5541/555 
156/6551555156515561555/655/55515651/5561/555 
1600}6 551615 51/565)/565/)5615165 5|5 564565155615 561 
168/65 6 556/566/665|6 65/|6%556/5661665/655)566 
216| 8&7 7/777 7 8&7 77 8777) 877/777/;7 87/77 8777 




















for this winding. 
tNot good for top-to-bottom connection. 








KA coil is killed in each group where this symbol appears provided it appears also in the Main Table 
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placed in the B phase. This is re- 
peated until the end of the winding 
is reached. The grouping is then 
as shown in the bottom line. 

This grouping holds for a top-to- 
top winding but it will not always 
hold for top-to-bottom connections. 
For top-to-bottom connections we 
divide the top-to-top winding into 
poles, numbering them from first to 
last: 1, 2, 3, 4, 5, 6, etc. Then we 
move these poles into the following 
order: 1, last; 2, next-to-last; 3, 
second-from-last; 4, third-from-last, 
and so on. 
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In this way for a six-pole winding 
the top-to-bottom connection will 
have the original poles arranged in 
the following order: 1, 6, 2, 5, 3, 4. 
Therefore the top-to-bottom group- 
ing for the winding shown in Table 
II is: 211, 121, 112, 112, 121, 211. 

These figures must always be 
checked to see that every circuit has 
the same number of coils and that 
every phase has the same number. 
There may be some cases in which 
this method will not give a correct 
connection. It must be remembered 
in using the three-phase connection 
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Twelve-Pole, Two-Phase Windings 


UNEQUAL COIL GROUPING—CHART M 





Top-to-Top Connections 






































Group Numbers 

No. 
Coils * 

1 2/3 415. 617 8I]9 10 [11 1213 14115 16]17 181/19 201/21 22|23 24 
Bi 22 Ae ee te oh th ht lie ae ie 2 
54 oo eee ee | Se ee Se 2 2 312° 23 - 242 DVi2.. Sz 2 
60 SMe S213 912. 243 BZ BS 1S® S82 253 +3122 ee 342° 2 
62 BE St2. 213: °F (9202 13" =. 32 BE SZ. 23° 3 ']2 3-18: 312 2 
80 ao 6313 9s SS IR SBS 4 le 35S 4 3 
84 4a 430314 413 314 4/3 314k 4h3 314 4/3 314 4/3 3 
86 4k 4k30 314 4/41314 4/3 314k 4k3 314 4/3 41/4 4/3 3 
90 3 414 4/4 314 453 4/4 414 3/4 4/3 4/48 414 3/4 4 
104 5 414 514 4/55 414 5/4 4/5 4/4 554 415 41/4 5|4 4 
108 5k 5ki4 41/5 514 4/5 514 4/5% 554 4/5 514 415 514 4 
128 6 515 6/5 5/16 5|/5 6/5 516 5|5 685 516 5]5 6]5 5 
135 6K 65 6116 6/5 5|6 6/615 /6 655 516 6/5 6116 6/5 5 
§150 7 616 6/6 7/6 6/7 6/6 6/6 7%6 6|7 616 6]6 7/6 6 
156 7 7k6 617 7/6 617 7/6 6/7 7&6 6/7. 7/16 617 7/6 6 
160 6-797 67778 9) 67-7 77 67 7 7 617 7! 
190°} 8* 8ki7 7/8 8/7 7|8 8&|7 7 \8k Bki7 7/8 817 7)8 87 7, 





























‘tor this winding. 


KA coil is killed in each group where this symbol appears provided it appears also in the Main Table ; 


§All connections can be had by killing one coil in each group of seven coils. 
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diagrams and tables accompanying - 
these articles, that the start of the 
B phase is in the last pole. This 
phase then passes to the first pole 
for top-to-top connections. For top- 
to-bottom connections it passes to 
the second pole. The A and C phases 
start in the first pole. 

The third method of locating the 
large groups uses the inner circles 
shown in the diagrams for fourteen 
to twenty-four poles. Similar circles 
might be drawn in any of the other 
diagrams. As an example of the 
method of using these circles, sup- 
pose we have a fourteen-pole three- 
phase winding having forty-eight 
coils. To find the number of large 
groups divide the number of coils by 
the number of groups. Dividing 48 
by 42 we get 1 and a remainder of 6. 
Then we have six large groups of two 
coils each. To locate these properly 
we draw an inner circle as shown in 
Fig. 34. Then for convenience divide 
this into parts as shown 10 deg. 
apart starting with 0 in the center 
of group No. 1. Now we have six 
large groups and there are 360 deg. 
in the circle. Therefore the large 
groups should be 60 deg. apart 
(3606—60). Therefore they will 
be located at 0, 60, 120, 180, 240 and 
300 deg. These points correspond 
with groups 1, 8, 15, 22, 29 and 36. 
These groups are respectively in the 
following phases: A, B, C, A, B, C. 
Two of them are in each phase, and 
these can be made the large groups. 

If the points had all fallen in the 
same phase it would have been neces- 
sary to shift some of them so that 
the large groups would be in the 
order of phases A, C and B or 
phases A; B and C. 


































































































CONNECTIONS FOR ENDS OF GROUPS 
Connect together group ends having same number or letter. Letters indicate line leads. A star connection is shown by (*). 
Top-to-Top. See Fig. 27 
: 
‘ Group No. 1 2 3 4 5 6 7 8 9 10] 1} 12] 13 | 144 15 | 16] 17 | 18 | 19 | 20] 21 | 22 | 23 | 24 
Series........ A WB 23 4 213 514 617 518 617 918 IONE 9f12 1O}TE 13]12 14/15 13/16 14/15 17/16 18]/19 17/20 18/19 21/20 22) A2 21/B2 22 
2 Parallel...... A 1B 23 4 213 «514 «617 SIS 617 918 10/As 9B I0/A 13/B 14/15 13/16 14/15 17) 16 18]/19 17/20 18) 19 21/20 22) A2 21/B2 22 
3 Parallel...... A WB 23 4 213 514 6A: 5IB2 6A 9IB 10/11 9}12 10)11 13/12 14/As 13/B214/A 17/B 18)19 17/20 18/19 21/20 22) A221|B222 
4 Parallel...... A WB 2/3 4 213 Asi4 BilZ AIS BIZ 918 10/Az 9B: 1OJA 13/B 14/15 13/16 14/15 A2}16Be/19 Aj20 B/19 21/20 22] A2 21/B2 22 
6 Parallel...... A 1B 221A: 11Be 2/A 5/IB 6\Ae 5IB: 6|A 9/B 10/A2 9IBz 10JA 13/B 14/A2 13/B2 14/A 17/B 18/A217/B218/A 21)B 22/A221/B2 22 
2 Parallel......J/A A:/B Be]A: AlBz BJA A2|B B:2jAz A/B: BJA A:|B B:|A: AjBz BJA A:|B BejA2 AjBz BJA A:lB B:|Az AjBz BJA A2|B B2jA: A/B: B 
Top-to-Bottom. See Fig. 28 
1 Series Rin cd eee A IB 2IAs 3/Bz 4/1 5/2 6/3 714 815 916 10/7 11/8 12/9 13)10 14]18 15]12 16)13 17|14 18]15 19]16 20)17 21)18 22)19 21/20 22 
2Parallel......,:A WB 2|\As 3/Bs 4/1 5/2 6/3 7/4 815 916 10/7 11/8 12/9 13)10 14/11 15/12 16/13 17/14 18/15 19]/16 20)17 As}18 Bs19 Aj20 B 
3 Parallel...... A 1B 2\As 3/Be 4/1 5/2 6/3 714 8/5 916 10/7 1118 12/9 As/10B2/11 AjI2 BJA 17|/B 18)A2 19|/B2 20/17 21/18 22/19 21/20 22 
4Parallel......|A. 1/B °2|As 3/Bz 4/1 5/2 613 7/4 815 A:l6 B:i7 A/8 BIA 13/B 14/As 15/B2 16/13 17/14 18/15 19/16 20/17 Az 18 B29 A/20 B 
6 Parallel...... A 1B 2\As 3/Bs 4/1 Asi2 Bal3 Al4 BIA 9B 10/A211/B212/9 A:/10B2/11 Ajl2 B/A 17|B 18)A219|/B2 20/17 A:/18 B219 Aj20 B 
12 Parallel...... A A:|B B:jA: AjB: BJA A:/B B:2iA: AjB: B/A A:/B B:jA: AIB: BIA A:|B B:/A: A\B: B/A A:/B B:2|Az A/Bs B/A A:|Bz B/A, A|/B: B 
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Twelve-Pole Windings 
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Twelve-Pole, Three-Phase Windings 


UNEQUAL COIL GROUPING—CHART N, TOP-TO-TOP 




























































































































































































Group Numbers 
No. ee 
Coils 
12 3/45 6/7 8 9 | 1011 12] 13 1415] 16 17 18] 19 20 21 | 22 23 24] 25 26 27 | 28 29 30 | 31 32 33 | 34 35 36 
48 2e 101 1-2 Zt | Ry oe re) TYR es Ym 5 Sy ay ea a ie Ay ae ty a A aed A a Be a 
54 Zz 2 Pe pee Mot mech hee 2h oe i ok ee epee Bee ce ae ee SD AE 2 te Pe EE ee 
60 Ce 2 bt Vag 7 5A aie al UY er ny Spel 1 ae cae Mined Oy aR TRS a Dy ay al yy a | a ae Me A eal ‘ae 
62 eR eo eS Sees oe ae sis = ee Oe Ws Oe ee aS oe oe a oe oe ee oe oe: a ee 2 ee oe 
80 Be Peder ae eae glee ee Re Ze | 2h Se Pee ne eae 2 ee SOS B94 22S 2S 22 
84 SP Pog eee a eS 2 ee, 2 Secs, So? Le 2 Se eS SA 2 Se 2132 2che 2.3) 273-2 
86 BED hee. 2 Se et Se etek 2 312 2.2 [3 2-2 8-2. 5 1 2-See 3 2 22 238 12S 
90 Bog at | 2 432 | Se o8.| foe bs 2 oe ee Ore oO? Ss 2 hse? SE 2 2 1 Ss 2s | es 2 
6 2 Geta oa S72 | oo? Boe oo oe aes 2 1S 2S ee SESS se 2013 231 2S SELES 2 43-2 3 
104 2-83 13,3 3 (13 3 2 13 3 3K | 355-13 (3 23 [2 #39 13 3 3. [3 33013 3 3* 1 OE? 3 13 3° 
120 aso | 3 ¢ 4 1S 4.3 .| 43 3 | 3s ME S23 | SST Ss Se | SE) aS 3S 9 4 1 OED 
128 483 48/3 43 14414 /3 453 |4 34/13 43 (453 413 441/43 4/3 453 1434/3 4 3 
135 344/43 41443 (4 4 45/3 44143 4/443 14 44413 44/43 41443 | 454 4 
150 5¥44|4 4414 4 5514 44/4 55414 44/1554 414 44/4 4 5514 44/14 554 14 4 4 
156 54 4144514541544 /14 4 5514 54/5 44/14 45 1/4 554154441445 145 4 
160 5k 45-114 4.5 14 5 4155-14 14 4 5514 5 4/15 45-114 45 14 554 15 45-114 45 14 5 4 
168 4555 (5 54/15 4 55/4 55/1555 4/5 45 14 555 15 54/15 4 55/4 5 5 1555 4415 4 5 
240 CPT NT Fe 6 Fe POT (IEF OF PF 687-16 IEP 1-7-7 6} FO FE} 6 7 7 OEE 6 NT 6 
k A coil is killed in each group where this symbol appears provided it appears also in the Main Table for this winding. 
CONNECTIONS FOR ENDS OF GROUPS 
Connect together group ends having same number or letter. Letters indicate line leads. A star connection is shown by (*). 
Star, Top-to-Top. See Fig. 29 
Group No. 1 2 3 4 5 6 7 9 10 11 12 13 14 15 16 18 
Series......... AL. tl 3\C 45 1|2 6|7 4|5 819 = 6l7,—s«*dN|T D113) MONA 4)15) «12/13 -16)17,s-:14]15 1819 Io 
2 Parallel....... Ae 2 31C 45 1|2 6|7 4|5 8/9 67 10111 = 8/9—s«s12]13)—s OVA sa14]* = 12/13 16/* = 14IBO8I* = 16 
3 Parallel....... Ae 2 3\C 415 1|2 6|7 4|5 8|* 617 —:10/# 8B 12/* = 10/A 14/15 121C 16/17, 14/15 18/1916 
4 Parallel....... A 2 3\C = 415 1/2 *17 4|5 *19  =BI7 *11 Al9 12/13 Clit 14]/* - 12/13 16/* 144B 18]/* 16 
6 Parallel....... A is 3IC—s«4|® 1B 6|* 4A 81* 61C_ 10/* 8B 12/* i0/A 14/* 12IC 16* I14/B 18/* 16 
12 Parallel....... A ** BIC *4* AIB ** CIA ** BIC ** AIB ** CIA ** BIC ** AIB *#* C 
Group No. 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 36 
Serisal;;.. 22% 17. 20/21 18/19 22/23 20/21 24/25 22/23 26/27 24/25 28/29 26/27 30/31 28/29 32/* 30/31 33/* 32/iB 3/* 33 
2 Parallel....... A 20/21 18/C 22/23 20/21 24/25 22/23 26/27 24125 28/29 26/27 30/31 2829 32/* 30/31 33)* 32/;B 3/* 33 
3 Parallel....... 17. 20/* 18/19 22/* 201B 24/* 22/A 2627 241C 28129 26/27 30/31 28/29 32/* 30/31 33/* 32/B 3/* 33 
4 Parallel....... A 20/21 181C 22/23 20/21 *25 22/23 */27  Bi25 *29 A\27 30/31 C/29 32/* 30/31 33/* 32/B 3/* 33 
6Parallel.......JA  20/* 181C 22/* 201IB 24/* 22/A 26/* 24(C 28/* 26/B 30/* 28/A 32/* 30IC 33/* 32/IB 3/* 33 
12 Parallel....... A ** BIC #** AIB *#* CIA ** BIC ** AIB ** CIA ** BIC #** AIB ¥#* C 
Delta, Top-to-Top. See Fig. 31 
Group No 1 2 3 4 5 6 7 9 10 11 12 13 14 15 16 18 
Retae =. ot Ys | 3|C 415 1]2 6|7 4|5 89 6/7. 10/11 8]9~-s«*12/13- 10/41 14/15) «12113 -:16)17.. 14/15) -18]/19 16 
2 Parallel....... A H2 3\C 415 1]2 6|7 4|5 8/9 6/7 10/11 = 89-12] -10}11ss14IC «12/13 «16IB O14|/B)SCISIA—si16 
3 Parallel....... A. hz 3IC—s 445 1/2 6|7 4)5 8iC 6 67-—s10/B-s BIB-s'IZIAs«d1OJA—sé=«édCMHSSs121IC—s«*d617)s«14415)— «18119 16 | 
4 Parallel....... ) ae | 9 3|C 45 2: el7 45 B99 B7 Ajit AJ9 12113 Clit 141C. 12113 16/B 144B I8/A_ 16 
6 Parallel....... A He ’ 3ie -“41B- IB: GAMA © 21C (dC 101B« -2IBe--12/A “101A 141 | 12IC 16iB  14B ISA - 16 
12 Parallel....... A BRIO A Bi Ale Al Gi Ga BIC (BIC. SAB: ABS CA.-.CIA »BIC. BIE. AIR AIB CIA. ¢ 
Group No. 
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Twelve-Pole, Three-Phase Windings 


. UNEQUAL COIL GROUPING—CHART N, TOP-TO-BOTTOM 






































* Group Numbers 

No. 
Coils 

12 3145 6|7 8 9 |10 11 12 |13 1415 | 1617 18] 19 20 21 | 22 23 24| 25 26 27 | 28 29 30 | 31 32 33 | 34 35 36 
48 2.4 86-4 224 8 2 492 0 Oe Re 2S ae aa ts 8 eo ee 1 
54 2 2BACG 2 22 4 2-42 22-1 2:1 2 1h 2 Se ae Ee tS ee oe 
60 We ae ee Jae Ve We ee eee ee fc Se ee i ee a ee Ge Se La ee i Me Ae ee Ge UR es ae 
62 o2 2422 250 AQ 2 R22 Teo 2a 2 ee Oe ae 2 ee ee 
80 $22 .323-022 123 2.12 22-42 2342 2 2-132 2 72358 2S Ss 2 2 SD Bats. Be ee 
84 3-22 1223-02 3 2.932 242 23 2 3 2 1S 22-1 22 8 Se 8 eS oS 2 ae a 2 Se 
90 $23 12 22757 2.3 23 2393.2 3.2 8.2243 2232 83S 23.1 se SS Sete ee 
96 22.3433 24S ZS 32 53 4s 3213S 223 2 8 34s. 2s 38 ee Ss eee 
104 2.33. 13 3°9.4:3:34'\3: 13 323-73°3. 2 73 3-34.23" 3. ss 8S 8 S88 Ss 
120 4 $133 413 4:3 14°53 3°13 364 13 43.54 S318 Ses a3 23 See SS 
128 43 413 4:3 13 4 3, | 4404.14 3 4.)3 43 13 43 4 3 44414 19 6 :3213 4 3712-3 Ss 
135 3 484 14 3 48/4 43 14854 4/3 454 14 3 4814 43 1484 413 484 14 3 46/4 43 | 4K 4 4 
150 5k441/4 44/4 54/1444 /4 4 55/4 44/554 414 44/14 554 1444/14 4 5K 4 4 4 
156 4414 8-5 14 SOS Oe 146 61 5 OTS Se ese Se OS ee aes eS 
160 45 4 [5145/5 45/1444/44 4/5514 |5 4541454145 415 45 {5-145 145 4 
168 4-9-5 13 5 4.15 48 14-3°3 TSO 1S 4 3 )O8 BIS SS 4 Se Te Se 6 Te ee 
240 OF FF Webs 67 46" 97 Aa 6 8 oe a ee a a. ee ie oe 









































KA coil is killed in each group where this symbol appears provided it appears also in the Main Table for this winding. 
CONNECTIONS FOR ENDS OF GROUPS 


Connect together group ends having same number or letter. Letters indicate line leads. A star connection is shown by (*). 








Star, Top-to-Bottom. See Fig. 30 


























































































































Group No. 1 2 3 + 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
Series.........JA 1* 2/C 3\* 415 6)* 7\1 8/2 9/3 10/4 11/6 3=12/7 13/8 14/9 15/10 16/11 7/12 1813 19 
2 Parallel....... A 1 2/C 3|* 4)5 6|* 7\1 8/2 9/3 10/14 6 12)7 13/38 14/9 15/10 16)11 17/12 18/13 19 
3 Parallel....... A 1|* 2/C 3\* 4)5 6)|* 7\I1 8)2 9/3 10/4 11/6 12/7 13/8 14/9 15/10 16)11 (7/12. *13 19 
4 Parallel...:... A 1|* 2/C 3\* 4|5 6|* 7\1 8/2 9/3 10/4 11/6 *17 13/8 *19 Bio =—#1t 6AIB 1813) OC 
6 Parallel.......|A 1|* 2/C 3)* 4)5 */* 71 *12 B/3 #14 AIB_ 12/7 Ci\A 14|/* BC “6 “iz 3° 7 
12 Parallel....... A */* BIC ** A|B */* CIA */* BIC */* A|B *|* CIA *|* BIC *1* A|B *)* S 
Group No. 19 20 21 22 23 24 25 26 27 | 28 | 29 30 31 32 33 34 35 36 
ee 14 20)15 21)16 22/17 23/18 24/19 25)20 26)21 27/22 28|23 29)24 30/25 31/26 32/27 30/28 33)29 32/B 5/31 33 
zara. ... 5358 14 20)15 21]16 22|)17 23/18 24/19 25/20 26)21 27/22 2823 29/24 *125 31/26 *27 Bi28 *29 AIB 5134. C 
3 Parallel....... 14 *15 BiIl6é *17 AIB 24119 CIA 26/* 27/C 28/* 29/24 30/* 31/26 32/27 30/28 33/29 32/B 5/31 33 
4 Parallel....... A 20\* 211C 22)" 23118 24/* 25120 26121 °27|22 28|23 29124 *|25 31/26 *127 Bi28 *29 AIB 5/31 C 
6 Parallel....... 14 *15 Bilé *17 AIB 24119 CIA 26/* 27/C 28/)* 29124 ** 31/26 *27  Bi28 *29 AJB 5131 C 
{2 Parallel....... A */* B/C */* AjB +|* CIA ** BIC ++ A|B *)* CIA *|* BIC *)* A|B ¥** Cc 
Ss 
Delta, Top-to-Bottom. See Fig. 32 
Group No. 1 2 3 . 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
Series. .65 005. A 1c 2/C 3|B 4)5 6)A 7\1 8|2 9)3 10\4 186 12/7 13/8 14/9 15/10 16/18 17/12 18/13 19 
2 Parallel....... A 1c 2/C 3\B 4)5 6/A 7\1 8\2 9/3 10/4 16 = =12/7 13/8 149 15/10 611 17/12 1813 19 
3 Parallel... ... A Cc 2/C 3\B 45 6A 71 8/2 9/3 10/4 11/6 12/7 13/8 14/9 15/10 J6)11 17/12 Cil3 19. 
4 Parallel....... A Hic 2/C 3\B 45 6A 7\1 82 9/3 10/4 11/6 C7 13/8 BI9 Bio) =6—AIE 6OAIB O18}18 SC 
6 Parallel....... A 1c 2/C 3\B 45 CIA 71 Bi2 Bi3 Al4 AIB_ 12/7 CIA 14C 15/C 16/B 17112 CIA 19 
12 Parallel....... A BIC Bic AB AB CA-~CIA-BIC BIC AB... AB CA CA. BIC- BIC AB. AB. CA © 
Group No. 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 
ee ee 14 20/15 21/16 22/17 23/18 24)19 25/20 26|21 27/22 28|23 29/24 30/25 31/26 32/27 30/28 33/29 32/B 5|31 33 
2 Parallel....... 14 20/15 21/16 22/17 23/18 24119 25/20 26)21 27|22 28/23 29/24 C/25 31/26 Bi27 Bi28 A\29 AB 5131 .-C 
3 Parallel....... 14 BilS Bilé AlI7 AIB- 2419 CIA 261C 27/C 28/B 29)24 30/A 31/26 32/27 30/28 33/29 32/B 5/31 33 
4 Parallel....... A 201IC 21/C 22/B 23/18 24/A 25/20 26/21 27/22 28/23 29124 C/25 31/26 Bi27 Bi28 Aj29 AIB 51.. ¢ 
6 Parallel....... 14 Bii5 Bilé AlI7 AIB 2419 CIA 261C 27;C 28/B 29124 C\A 31/26 Bi27 Bi28 Aj29 AB S53 = ¢ 
12 Parallel....... |A BIC BIC A\IB AIB CIA CIA BC BIC AB AB CA CA BC BC AB AB CA C 
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Rules for Working _ 
Out Various Arrangements 
of Coils in Groups 


Rule I—Divide the number of coils by 


the number of groups. The number 
of groups equals the number of poles 
multiplied by the number of phases. 
(a) If this division gives a whole 
number as a quotient, then the groups 
will all be equal, and have the num- 
ber of coils represented by this whole 
number. 

(b) If this division does not come 
out even, pass to Rule II. 

Rule II—Divide the number of coils by 
the number of circuits. The number 
of circuits equals the number of 
phases multiplied by the number of 
parallel paths. For instance, a three- 
phase, two-parallel winding has six 
circuits. 

(a) If the quotient of this division 
is a whole number, no coils need be 
killed. Then pass to Rule IV. 

(b) If the division leaves a re- 
mainder, then coils must be killed 
equal in number to the remainder. 
Suppose, for instance, there are 
eight circuits and ninety coils. Then 
90--8—11 and a remainder of 2. 
This means two coils must be killed. 
If the number of killed coils exceeds 
8 per cent of all the coils, the wind- 
ing should not be used to carry its 
normal rated load in horsepower. 
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Table Il—Locating Unequal Coil Groupings 


ee This is a six-pole three-phase winding with twenty-four coils 





Group No... Bie ag tee ie | ie ee 45 6 
Ra RE roe eg ET A.B SC TA BC 
Large groups, pitch | and 4..| X x 

Large groups, relocated...... xX xX 
Phase after relocating. ...... A Cc 
Grouping, top-to-top..:..... 2 t>4 t-1 











eos 10 11 12 | 13 14 15 | 16 17 18 
ABCIABCIABCIABC 
x x x x 
x x x x 
B A Cc B 
209 a Ge Pe PZ oe ae 
































The number of turns per slot should 
be increased, if possible, without re- 
ducing the wire size. 

In killing coils the coils to be 
killed should be chosen at points as 
nearly equidistant from each other as 
possible around the stator. At the 
same time the dead coils must be as 
equally distributed as possible among 
the different phases. After the coils 
have been killed the winding is 
treated as a winding in which no 
coils are killed. The number of coils 
now is equal to the number of active 
coils (the total number minus the 
— killed.) Then pass to Rule 


Rule III—Divide the number of active 
coils by the number of groups. 
(a) If the quotient comes out a 
whole number then each group will 
have that many active coils. 


(b) If there is a remainder left 
after the division, the grouping will 
be unequal. Pass to Rule IV. 


Rule [V—On dividing the number of 


active coils by the number of groups, 
there will be a quotient and a re- 
mainder. For instance, dividing 90 
coils by 24 groups we get 90—24=3 
(the quotient) plus a remainder of 
18. Then in this case 18 of - the 
groups will each have 3 (the quo- 
tient) -+-1, or 4, coils; and the other 
groups (24—18=6 groups) will have 
3 coils each. 

These groups must be arranged so 
that each phase has the same num- 
ber of active coils; also so that the 
larger groups are distributed as 
evenly as possible around the wind- 
ing. Different methods of getting a 
good arrangement are explained fur- 
ther on by means of examples. 






















































































7 + e 
Table I—For Locating Large Groups in Unequal Grouping 
This table shows how various combinations of large and small groups are placed. It refers to the Charts in which groupings may be found similar to most 
cases which will occur. The number of large groups equals the remainder left after dividing the total number of coils by the total number of groups. 
For sixteen to twenty-four poles the numbers showing the proportion of large to small groups are included in the charts showing unequal coil groupings. 
No. | No. | Like Winding | Refer No. | No. | Like Winding No. | No. |Like Winding 
No- | No- | of | of | withNo.of | to || Ne | No | of | of | with No. of Refer] No. | No- | of | of | with No. of | Refer 
Large | Small Coils Chart Large | Small Coils Large | Small Coils 
Poles | Phases Geoupel Geteps| Shiewn Balow Poles | Phases Gisteel Gieiee|-Skiswa Balow Chart || Poles |Phases Cieupel Giengad Stieuns Below Chart 
y 4 - 2 18 A 6 18 54 6 30 150 
2 8 16 80 8 28 80 
3 2 4 62 B 12 12 36 H 12 24 48 
8 3 14 10 62 14 22 86 
2 6 90 15 9 135 16 20 160 
2 a 4 12 i 16 8 160 12 3 18 18 54 N 
6 2 54 20 16 128 
7 1 135 2 18 62 *24 12 168 
4 4 16 84 26 10 62 
2 10 62 6 14 86 27 9 135 
3 9 135 8 12 48 32 4 104 
3 4 8 160 D 2 10 10 90 K 
6 6 18 12 8 72 a 24 60 
8 a 80 14 6 54 6 22 62 
15 5 35 8 20 36 
2 10 62 16 4 96 10 18 150 
L 9 135 10 2 12 16 96 4 
2 4 8 104 E 2 28 62 16 12 72 
6 6 18 6 24 96 20 8 48 
8 4 80 8 22 128 23 5 135 
6 10 20 160 24 4 80 
P 16 128 12 18 72 26 2 54 
6 12 24 3 14 16 104 L 14 
8 10 62 15 15 135 2 40 86 
3 9 9 135 F 18 12 48 6 36 48 
12 6 48 20 10 80 9 33 135 
14 4 86 24 6 54 12 30 54 
16 2 160 26 4 86 18 24 60 
- 3 20 22 62 xX 
4 12 36 6 18 54 24 18 108 
6 10 54 8 16 80 30 12 72 
7 9 135 9 15 135 34 8 160 
3 2 8 8 24 G 12 2 10 14 62 M 36 6 120 
10 6 90 12 12 36 38 4 80 
12 4 60 14 10 80 
14 2 62 16 8 160 
| 18 6 90 
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Fourteen-Pole 
Windings 


See Tables for Connecting 
Ends of Groups and for 
Unequal Coil Grouping on 
pages 207 and 224. 
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Some Examples 
Showing How to Group 
the Coils 


In the following paragraphs are 
given some examples which will ex- 
plain clearly the rules on page 205. 
Example for Rule I—(a): 


Suppose we have a winding with 
90 coils and want to connect it for a 
three-phase, six-pole series winding. 
According to Rule I the first thing to 
do is to divide the number of coils by 
the number of groups. The number 
of groups in this case is 3 X< 6 or 18. 
Dividing 90 coils by 18 groups we 
get an answer of five without any 
remainder. In this case, then, the 
groups will all have five coils each. 


Example of Rule I—(b): 

Suppose now we have a winding 
with 90 coils and we want to get a 
twelve-pole, three-phase two-parallel 
connection. According to Rule I, we 
divide the number of coils by the 
number of groups. The number of 
groups in this. case equals 3 x 12 
or 36. Dividing 90 by 36 we get 
a remainder and, therefore, ac- 
cording to (b) of Rule I we must pass 
on to Rule II.. This remainder means 
that coils must be killed or that we 
must use an unequal grouping. 


Example of Rule II—(a): 

We now take the winding of 90 
coils, mentioned in the last para- 
graph, and divide the number of coils 
by the number of circuits. The num- 
ber of circuits equals the number of 
phases multiplied by the number of 
parallel paths, which in this case 
equals three phases multiplied by two 
parallel paths. This amounts to six 
circuits. Dividing 90 by 6 we get 15 
without any remainder, and, there- 
fore, according to (ay of Rule II, no 
coils need be killed. Consequently, 
according to (a) of Rule II, we pass 
on to Rule IV. 

Following Rule IV, when we di- 
vide the number of coils by the num- 
ber of groups we find that we have 
a remainder. With twelve poles and 
three phases, we have 36 groups, and 
dividing 90 by 36, we get an answer 
of 2 plus a remainder of 18. This 
means that 18 of the groups will each 
have 2 plus 1, or 3 coils. Then the 
remainder of the groups, which 
equals 36 minus 18, or 18 groups, 
will each have 2 coils. The method 
of arranging the large coils is ex- 
plained in the paragraphs following 
the Example for Rule IV—(b). 
Example of Rule II—(b): 

Suppose now we have a winding 
with 62 coils and want to get a ten- 
pole, three-phase, two-parallel wind- 
ing. According to Rule II we divide 
the number of coils by the number 
of circuits. There are six circuits 
(3 phases X 2-parallel). Dividing 62 
by 6 we get a remainder of 2. Then 
two coils must be killed. We can kill 
one coil in the A phase in Group 1. 
The next coil should be killed about 
half-way around the winding, or in 
Group 16, as there are thirty groups. 
This coil should be in either the B 
or C phase. If three coils had to be 
killed they would be spaced one-third 
way around in 4, B and C phases. 
Four dead coils would be one-fourth 
way around, and. so on. 

Now suppose it was desired to con- 
nect this 62-coil winding for an 
eight-pole, three-phase, eight-parallel 
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winding. According to Rule II we 





divide the number of coils, 62, by the 
number of circuits. 
circuits equals 3 X 8 or 24. Dividing 
62 by 24 we get a remainder of 14. 
This means that fourteen coils would 
be killed. This is 23 per cent of the 


The number 


of 
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total number of coils, but not over 8 
per cent should be killed, according 
to: Rule II—(b); Therefore, such a 
connection is not practicable. 
Example of Rule III—(a): 

Suppose we have the 62-coil wind- 
ing and (Continued on page 225.) 
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Fourteen-Pole Windings 
CONNECTIONS FOR ENDS OF GROUPS 
Connect together group ends having same number or letter. Line leads are indicated by letters. A 
star connection is shown by (*). 
Two-Phase, Top-to-Top. See Fig. 33 

GroupNo. | 1 | 2 | 3 | 4] 5 / 6/7 | 8 | 9 | 10 } i} 12 | 13 | 14 

Series...... A IB 23 W4 23 64 7/8 69 7/8 10.9 11/12 10/13 112 14/13 15 
2Parallel....|A JB 2/3 1/4 2/3 64 7/8 6/9 7/8 10/9 11/12 10/13 11/12 A213 Be 
7 Parallel....|,A WB 2/Ae 1/Be 2;/|A 6IB 7/A2 6|/Bz 7/A IO/B I1/Az 10/B2 INA 14/B 15 
14 Parallel....;A Az}B B2}|A2 AjBe BJA A2B BjA2 A'IB2 BiA A/B B:zjAz A/Bz BJA AB Be 
Group No. 15 16 | 17 18 19 20 21 22 23 24 25 26 { 27 28 

Series...... 16 14/17 15/16 18/17 19|20 18/21 19)20 22/21 23\24 22/25 23\24 26:25 27|A2 26|/Bz 27 
2 Parallel....|16 Aj!17 B/16 18/17 19/20 18/21 19/20 22/21 23)24 22)25 23|24 26)25 27}A2 26|Be 27 
7 Parallel..../A2 14/Bz 1I5|A 18B 19/A2 18/Be 19/A 22/B 23/A2 22/Bz 23!A 26)B 27)A2 26!Bz 27 
14 Parallel....};Az A/Bz BJA A:'B B2|A2 AIBz BIA A:|B BA: A/Be BIA AJB BA Az: A/B: B 

Three-Phase Star, Top-to-Top. See Fig. 34 

Group No. 1 2 3 4 5 6 7 8 | 9 | 10} Wt] 12 |} 13 | 14 

Series...... he. FS’ Qs. 2° GF 45° . 9 67 10}11 89 12:13 10/11 14/15 12 
2Parallel.....A 2 3/C 45 2 67 45 89 67 I0;)TI 89 12/13 TOIL 14)15 12 
7 Parallel..../A * 3/C 4|* iB 6* 4A 8* 6C 10;* SIIB 12;)* 10)A 14/* 12 
14 Parallel..../|A  *%* BIC ** AB ** CA ** BC ** AB 4* CA **. B 
Group No. 15 16 17 18 19 20 21 22 23 24 25 26 | 27 28 

Series...... 13 16/17 14)15 1819 16)17 20/21 18/19 22/23 20/21 24)25 22)23 26/27 malas 28/29 26 
2 Parallel....|13 16/17 14/15 *119 16)17 *21 Bi19 *23 A/21 24|25 C\23 26/27 24|25 28\29 26 

Det \—— 

7 Parallel....;C 16)* f41B 18)* 16)A 20)* 18/C 22|* 20)/B 24/* 22/A 26)* 24\C 28)* 26 
14 Parallel....|\C ** AIB ** CIA *4* BIC ** AIB *#* CIA H* B/C — A 
Group No. 29 | 30 31 32 | 33 34 35 36 37 38 39 40 ; 41 42 

Series...... 27 30)31 28/29 32|33 30/31 34/35 32/33 36/37 34|35 38 * 36,37 39)* 388 3\* 39 
2 Parallel. ...|27 30,31 28/29 32|33 30/31 34/35 32/33 36/37 34/35 38)* 5 ad 39)* 38)B 3\* 39) 
—| —-— —— , ——_ —_ | — ——_ enero | ——_— —} —— | —_ —_ 
7 Parallel..../B 30)/* 28)A 32)* 30,C 34/* 32/B 36* 34 A 38)* 36/C 39)* 38,B 3\* 39 
14 Parallel....,B  *|* C/A oi 3ic Te; AB a C\A 1% BC oe A|B ee =¢ 
Three-Phase Delta, Top-to-Top. See Fig. 35 
Camp Oe |. 2 | 2°93 | 4/5 |]6|7 }| 8] 9 {| to] Wj 12] 13 | 14 
Series...... A 2 31C 45 2 67 45 89 6/7 I10j)11 89 12/13 10/00 14415 12 
2Parallel....JA 12 3/C 45 2 67 5 89 617 I0)11 89 12)13 10/11 14/15 12 
7 Parallel..../,A IC 3;C 43B IB 6A 4A 8IC 6C I10;B 8B 1I2jA 10)/A 14/C 12 
14 Parallel....;|A BIC BIC AIB AJB C\A CIA BIC BC AIB AIB CIA CA BIC B 
Group No. 15 16 17 18 19 20 21 22 23 24 25 26 27 28 
Series...... 13 16/19 14/15 17/18 16)19 20/21 17/18 39/22 20)21 23/24 39\22 25)26 23|24 27/28 25 
2 Parallel....}13 16,19 14/15 Cj18 1619 Bi21 Bi18 Aj22 Aj21 23|24 C\22 25|26 23)24 27/28 25 
7 Parallel....\C 163B 143B I7/A 16;A 20/C 17/C 22/B 20/B 23/A 22/A 25/C 23/C 27/B 25 
14 Parallel....,.C AJB AIB C/A C\A BIC BIC AIB AIB CIA CIA BIC BIC AIB A 
Group No. 29 | 30 | 31 32 33 34 35 36 37 38 39 40 41 42 
Series...... 26 29/30 27)28 31|32 29)30 33|34 31/32 35/36 33)/34 37/\C 35/36 38|B 37|\B 3/A 38 
2 Parallel... .|26 29/30 27/28 31|32 29/30 33\34 31/32 35|36 33/34 37/|C 35!36 38/]B 37/|B 3\A 38 
7 Parallel....,B 29)A 27/A 31/C 29'C 33/\B 31/\B 35|A 33/A 37/C 351C 38/B 37/B 3/A 38 
14 Parallel. ...'B CA CIA BC BC AB AIB CIA CIA BC BC AIB AJB CA C 
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N_ unfortunate situ- 
ation which exists in 
the executive control of 
maintenance in a large in- 
dustrial works and is dupli- 
cated in many _ smaller 
plants, is recorded here as a subject which is well worth 
careful consideration by those who have the power to 
create or remedy similar conditions in their own works. 
in the plant in question the maintenance foreman re- 
ports to an executive who is not, by instinct or train- 
ing, an engineer. He can reduce a lengthy financial 
statement to its simplest terms, but has little under- 
standing of, and less sympathy for, maintenance work 
and all that it involves. To him maintenance is merely 
a necessary evil. So long as a motor will run why bother 
about inspecting it regularly or painting the field coils 
or changing the oil in the bearings or doing any of the 
other things which maintenance men do? The natural 
result of this attitude of mind is a policy which hampers 
and obstructs in every way. It is discouraging rather 
than encouraging to honest endeavor. Under such con- 
ditions it is hard for the men to feel much loyalty for 
the job or for the company. In consequence, both men 
and company are suffering. 

Perhaps maintenance work is a costly evil, but un- 
less manufacturers reach the present hopeless ideal con- 
dition whereby they can build equipment. which will 
operate indefinitely without any attention whatever, 
there will be need for inspection and repairmen. And 
until that time comes the way to relative freedom from 
interruptions of power service, low operating costs and 
small repair bills will be in the detection and remedy 
of trouble signals the first time they show up and most 
certainly before a second warning signal appears. 

An attempt was made many years ago to make 
bricks without straw, but the results were not altogether 
satisfactory—nor are they any more satisfactory today. 
Moreover, a successful animal trainer has said, “You 
can’t teach animals unless they like you—men in gen- 
eral, take notice!”” We would use ditto marks for all ex- 
cept the last, which would fit better if it read “execu- 
tives, take notice,” for we all have some animal 
instincts, particularly in connection with likes and dis- 
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Making Bricks 
Without Straw? 
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likes toward those who appreciate or ignore an intense 
interest in and an honest endeavor to do something 
worth while when the possible results are apparent and 
worthy of the effort. 


ELSES Eee 





BALD-HEADED man 


A Bald Fact— pays the full price for 
We Pay For a haircut, even though the 
What We Need acreage in hair is very 





small compared to the bar- 
ren portion. Doubtless he 
feels that he is being imposed upon, and perhaps he is, 
but it is merely the penalty he pays for being bald. Not 
all of us are bald, but we are often blind to the fact that 
we usually pay in one way or another for the things we 
need, whether we get them or not. We may think that 
money is being saved by keeping in service obsolete or 
inefficient equipment or refusing to buy equipment 
which will enable more and better’ work to be done in a 
given period. A careful study will, however, often show 
that through heavy maintenance and repair charges and 
the loss of production through breakdowns or operation 
at less than maximum output, we are paying for the new 
equipment which should replace the old. 

It may appear that money is being saved by not 
spending it for washing or cleaning bulbs and reflectors, 
replacing blackened or burned-out bulbs and doing the 
other maintenance work which must be given to a light- 
ing system in order to keep it at its highest efficiency. 
Although the payroll may not contain the name of a 
lamp washer, payment for this service is nevertheless 
made in more accidents, reduced output of workmen, 
greater spoilage of materials and so on. Instances of 
this nature could be multiplied almost indefinitely. 
Nearly every industrial works carries an invisible, but 
very real, payroll and plant account in which are en- 
tered the wages of the men who are needed but not hired 
and the cost of equipment that is needed but not pur- 
chased. Invisible accounts they are, but they absorb 
many hard and very real dollars that do not appear in 
the inventory or among the assets. That is the penalty 
we pay for being blind. 


se eee 


HE PRACTICE of 

swapping dollars and 
otherwise juggling mental 
conceptions of absolutely 
equal values is a small boy 
trait found in many of us 
old enough to know better. But it seems to be such 
great fun at times that a considerable expenditure is 
necessary to straighten out the resulting complications 
in bookkeeping. Such expenditures together with the 
actual losses that are discovered are then charged as 
operating expenditures. If there were an item in the 
ledger account headed “Small Boy Profits and Losses” 
some grown men might learn a lot about themselves. 

Let’s discuss for a moment the subject of power as 
something bought and used in the manufacture of, say 
a sack of cement, a jackknife, or anything else. We 
will assume that the production equipment is installed 
and ready to turn out the product. The first large item 
to consider is the raw stock needed, second, the labor to 
handle this at machines in production processes and, 
third, the power necessary to operate the machines and 
keep the labor busy. Raw material when paid for by 
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the pound can be weighed. Labor when paid for by the 
hour is a known expenditure at the start. But power 
—you pay for what you use after you use it, and you 
depend upon the integrity of labor and those who super- 
vise it to reach into an unlimited supply and use or 
waste it in proportion to their ability to exercise good 
judgment. And. by this use of power the expenditure 
for labor is converted into a commodity and its actual 
cost or value must be measured by productiveness ex- 
pressed in a combination of machine- and man-hours. 

_ Without following this thought further, it is plain 
that power costs are paid for with the same kind of 
dollars that must be put into the labor pay envelopes. 
For this reason guesswork in the estimates and control 
of the amount of power used should not be tolerated any 
more than guesswork in making up the amount of the 
labor payroll. As a matter of fact, power costs can be 
computed per pound of plant output or per yard of cloth 
made or per gross of jackknives and when so analyzed 
it will be discovered that it is one of the cheapest of 


elements in the product when ready to ship if average . 


efficiency is maintained in production processes. Be- 
cause power is cheap it should not on the other hand be 
wasted but liberally substituted for operations that are 
wasteful of materials and labor and for speeding up op- 
erations so that labor will be more productive and a just 
and equitable rate can be paid for it on that basis. 

Simple ways are available for checking up power 
requirements in manufacturing processes and distribut- 
ing the charges. Mr. Whitcomb in this issue shows this 
through a system of metering that means as much to a 
system of power distribution as an adding machine 
means to an efficient bookkeeping system. Just as the 
adding machine checks up errors of simple addition so 
also the meters check up errors of manipulation and 
judgment in estimates on the use of power in produc- 
tion processes. Such meters do not represent fanciful 
ideas nor available expenditures. They are the same 
marks of good business sense that a cash register repre- 
sents when placed where money in small amounts both 
goes out and comes in. 





—_—_—_ — 

T is frequently said that 

Those the hobby of practical 
Home-Made men is the home-made de- 
Tools vice or tool. And if it were 
# a crime to have a hobby it 











is probable that a- great 
many convictions might be made on this score. But it’s 
fortunate that no such seriousness can be attached to 
this charge. On the contrary, to the operator who dis- 
plays his ingenuity and initiative in doing things in a 
different and better way, nothing short of the greatest 
respect and credit is due. Now and then a device is 
made that is similar to one that is available at a smaller 
cost than it requires to make it by hand, but in many 
more cases new ideas and improvements in the ways of 
doing things spring from these home-made products. 
And if the manufacturer who makes it his business to 
manufacture such devices is on his job, he sees in these 
home-made devices the expressions of service needs that 
he could not secure otherwise except through much ex- 
pensive experimenting and development work. 

In establishing the department “Service Around 
the Works” in INDUSTRIAL ENGINEER it was the idea to 


provide a place for the recording of the ideas of prac- 
tical men in the working out of ways of doing things 
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that are out of the ordinary, that are forced upon them 
by emergencies and have called for all the ingenuity 
that could be mustered at the time. ‘No one spots a 
makeshift method quicker than the operator with an 
inventive turn of mind and items that are lacking in 
ingenuity are promptly jumped on by such men in such 
a way as to call forth the reasons why the practice 
should be condemned in every way. 

The thinking that brings forth the home-made prod- 
uct is a sign of real interest-in improved ways of doing 
things and we feel that this thinking should be given 
full expression and encouragement rather than jealous 
or sarcastic comment by those whom it affects.from a 
competitive sales standpoint. 





——<———— 

: ORKERS in modern 

Our Basic American industrial 
American plants are frequently in- 
Industries clined to look at their own 
industry as all important 











and fail to see that it is 
only one link in the chain which binds and weaves all in- 
dustries together. Probably no industry is sufficient unto 
itself alone. The steel industry, for example, is in reality 
a chain of industries beginning with the mining of the 
ore, its transportation to the blast furnaces and ending 
with its conversion into pig iron and into steel. Thou- 
sands of other industries are dependent upon the steel 
industry for their supply of raw material to be worked 
further into finished products. The finished product of - 
one industry is the raw material of the next. 

Articles made of steel alone are few. Our telephones, 
automobiles, radio sets, and many other conveniences 
and necessities consist merely of the assembly of steel, 
copper, fiber, cotton and dozens of other products into 
one article. The electrical and mechanical machinery 
which you use every day also represent an assembly of 
a variety of products from various industries. 

In the frontispiece feature pages of the last issues 
of the INDUSTRIAL ENGINEER, particular attention has 
been given to the food industry. To the man who buys 
his bread and crackers at the neighboring grocery store 
or bakery, this industry may appear to be of little direct 
importance to him. However, it has been the develop- 
ments in the manufacture of agricultural machinery 
and improvements in the machinery that makes it, which 
have made possible grain production with a minimum of 
labor, the milling of flour and its distribution, and the 
distribution of the finished product. The ease with 
which bakery bread, crackers, cookies and other delica- 
cies can be obtained, has enabled workers to concen- 
trate their efforts in the textile, iron and steel, shoe, 
copper or any of the other industries. In these they 
earn the money to buy what they want or need and are 
confident that they can get it when they want it. If 
men had to worry about where their food, clothes, shoes 
and other necessities were coming from, they could give 
less time or attention to their work. 

Similarly industries are able, due to the concentra- 
tion and specialization of industries, to buy what they 
need in the shape of raw material to keep their plants 
operating. It is the purpose of our frontispiece feature 
pages to emphasize this importance of the inter-relation 
of industries and to show the developments in growth 
which have resulted through the use of electrical and 
mechanical equipment and appliances that multiply the 
work of many hands and brains. 
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Questions Asked 
and Answered 


by Readers 


Here is a place where you can get some inside infor- 
mation when you get stuck. The only restriction is that 
ood turn to the other fellow when he asks a 


you do a g 
question that you can 
answer from your ex- 


Who Can Answer 
These? 


Dielectric Constants for Insulation—In 
the February issue of INDUSTRIAL 
ENGINEER, J. B. Rakoske answered 
the question by L. E. G. and gave the 
dielectric constant for paper as 2. I 
would like to obtain a table of dielec- 
tric constants for all insulating ma- 
terials used with motor windings. 
Perhaps this information has been 
compiled and some reader can tell 
me where to find it. 

Brooklyn, N. Y. HD. D. 


* * * * 


Locating Trouble in Wiring Circuit— 
I would appreciate suggestions from 
readers on the best scheme for test- 
ing B. X. wiring circuits for troubles 
such as short circuits and grounds, 
which does not require taking out 
switches and receptacles or dropping 
of canopies of lighting fixtures. 
Brooklyn, N. Y H. 


* * * * 


Commutator Connections for Electric 
Drill—I have an electric drill of the 
Universal type with an armature 
having 12 slots and a commutator of 
24 bars. The leads are connected 
two bars to the right of the coil, and 
the brushes are set in the middle of 
the field pole. I would like to have 
some reader make up a diagram 
showing the complete winding and 
connections for this motor. 
Belmont, N. Y. E. L. G. 


* * * * 


Changing Connections of Motor Fields 
—I would like to see a diagram 
showing exactly how to change a 
220-volt d. c. motor for operation on 
110 volts. The present speed is 900 
r.p.m. and the rating of the motor 
is 60 hp. What will be the horse- 
power at 110 volts and the speed? 
Will it be necessary to change the 
armature winding? If so, please in- 


dicate the changes necessary. The 
motor has six field coils. 
Emaus, Pa. fot ae | a 


* * * * 


Starting Trouble When Rheostat Was 
Changed—I have a 2-hp., 230-volt 
motor connected to a drill press. 
The rheostat burned out recently 
and I made use of a 5-hp., 115-volt 
rheostat which was all we _ had. 


When starting the motor with this 
rheostat it ran in the wrong direc- 
tion. We tried to reverse the direc- 
tion by changing the armature leads 


and changing the field leads. This 
did not change the direction of rota- 
tion. The motor is a two-pole type 
shunt wound. Please advise why the 
direction of rotation was not 
changed when changing the connec- 
tions and also how the direction of 
rotation can be changed. 
Indianapolis, Ind. = 2 
* °K * * 


Iiow to Secure 110- and 220- Volt Serv- 
ice from 220-Volt Generator—We 
have a 7.5 kva., 3-phase, 220-volt, 
60-cycle self-excited a. c. generator 
that we desire to use at night for 
lighting the boiler and turbine room 
and some residences across the 
street. I would like to have some 
reader tell me what transformer 
connections I can use to obtain 110 
or 120 volts on the secondary side, 
so as to balance the load on all 
three phases. Would it be possible 
to use a balance coil with a three- 
wire secondary? If so, I would like 
to see a diagram of connections that 
will be most satisfactory. 
Henderson, Ky. J. M. 


* * * * 


Size of Equalizer Cable—What is the 
ratio of the size of an equalizer ca- 
ble to the positive cable of a 100-kw. 
d. c. generator? Suppose two gen- 
erators, one of 100-kw. and the other 
of 500 kw. are to be used together. 
What would be the size of the two 
equalizer cables and how is this size 
determined ? 

Lima, Ohio. J. E. B. 


ok * * * 


Trouble with Type C Mazda Lamps— 
During the last few months I have 
been having trouble with 100- and 
200-watt, type C, Mazda lamps burn- 
ing out. In about 50 per cent of the 
cases when the 200-watt lamp burns 
out, it short circuits where the lead 
wires go through the inner glass 
tube down to the filament. I have 
had four cases where the outside 
globe has been bursted. When this 
trouble started, I thought it was due 
to vibration but have since found 
that this is not the cause as lamps 
attached to heavy I-beams show the 
same trouble. This trouble does not 
occur quite as often with the 100- 
watt lamps. In both cases when this 
trouble comes up the fuses in the 
circuit are blown. Our operating 
voltage is 230 d. c. and we use 240- 
volt lamps. Has anyone experienced 
this trouble and found a remedy? 
New Orleans, La. PABA: 


Qrotieal GA 





Answers Received 


To Questions Asked 


The following is submitted to an- 
swer the questions on page 158 of 
the March issue of INDUSTRIAL ENGI- 
NEER. 

Question by L. S.: Refer to a 
wire table where you will find a No. 
14 wire contains 4106 circ. mils, 7 
wires contain 7 4106—28,742 circ. 
mils. Refer again to the wire table 
where you will find No. 6 contains 
26,250 circ. mils and No. 5 contains 
33,102 circ. mils. The rating, there- 
fore, falls between these two sizes. 

Question by G. E: G.: Super- 
service cord as manufactured by the 
leading wire companies used with 
the Hayward spring-operated cable 
reel should prove satisfactory for 
this work. The writer is in touch 
with a dozen or more installations 
giving continuous service. 

Question by F. R.: There is no 
reason why a remote starting in- 
stallation would not be satisfactory. 
If provided with the proper meters 
the operator would be able to start 
more intelligently than by watching 
the motor. The proper way to start 
this equipment would be with auto- 
matic control operated by a push 
button. F. O. ScHNURE. 


Assistant Supt. Electrical Dept., 
Bethlehem Steel Co., 
Sparrows Point, Md. 


* & Hos 


I wish to make a slight correction 
in my article in the March, 1923, 
issue of INDUSTRIAL ENGINEER, en- 
titled, “Testing Motor Field Coils.” 

The sentence in question reads, 

“If the coils are in good condition 
the application of a d. c. voltage 
across them and with the normal ex- 
citing current passing through them, 
will not cause the temperature rise 
to become rapid, but will show a 
gradual rise and a continued equal 
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rise after the maximum is reached.” 

I find. that this statement is some- 
what misleading, and therefore sub- 
mit a revision in-the wording of this 
sentence, which would make it read 
as follows: 

“If the coils are in. good condition 
the application of a d. c. voltage 
across them and with the normal ex- 
citing current passing through them, 
will not cause the temperature rise 
to become rapid, but will show a 
gradual rise until the maximum tem- 
perature is reached, when the tem- 
perature will remain practically 
constant for the remainder of the 
test.” 

I regret that such a discrepancy 
appeared in the article, and trust 
that the correction will be made in 
a future issue so that readers may 
not be misinformed. 

NATHANIEL W. BLANCHARD. 


Inwood, L. I., N. Y. 
x *& * * 


Charges. for Maintenance Service—I 
have a number of motors which I am 
taking care of on a monthly basis. 
Please offer suggestions for a basis 
of rates for this service which has 
been found satisfactory in other loca- 


tions. 
Denver, Colo. W. C. M. 


Regarding the inquiry of W. C. M. 
on charges for maintenance service, 
the undersigned has conducted a 
maintenance service along the line 
mentioned by W. C. M. extending 
over a period of two years and has 
devised a schedule of rates that has 
proven adequate. Fees are based on 
the individual motor, varying with 
size, type, accessibility, and type of 
control. An aggregate of all motor 
fees constitutes the monthly fee. 
Discounts are arranged for installa- 
tions of over ten motors, and addi- 
tions for installations of less than 
ten motors. Base rates take care of 
bi-monthly service with additions for 
weekly and deductions for monthly 
periods with a minimum rate for the 
small installations. 

The popularity of the service may 
be judged from the fact that the only 
cancellations of service have been 
made with the idea of retrenchment. 
This came after we had succeeded 
in placing equipment in tip-top 
shape and, of course, those that we 
have dropped as deadbeats. At pres- 
ent we have one plant that is dis- 
pensing with the services of an elec- 
trician. Their claim is that we are 
lowering the electrical repair shop 
costs exclusive of labor. 

Due to the schedule of rates being 
quite extensive space will not permit 
showing same. If W..C. M. will cor- 
respond with the writer, it will be 


a pleasure: to: aid ‘him in: making a 
success of his. venture... 

My estimate of .the INDUSTRIAL 
ENGINEER may be seen from the fact 
that of four: other. publications to 
which, I .have subscribed I. have let 
two expire and with the expiration 
of the third: will not renew.. It. has 
the world beat. for the practical man, 
so watch the circuits. Don’t let her 
single phase and burn out and re- 
member me to Practical Pete. 

G. W. BARTHOLOMEW. 

Industrial Electric Service of Erie, 


Erie, Pa. 
* * * * 


Stairway Wiring for Four-Story Build- 
ing—I would like to see a wiring 
diagram published inINpustrIAL En- 
GINEER for the stairway in a four- 
story building. The lighting require- 
ments are as follows: There should 
be only one light on each floor con- 
trolled by a switch on that floor. 
There must also be provided in addi- 
tion to the switches on the second, 
third and fourth floors, switches so 
connected with those on the first floor 
that the first and second floor lights 
may be controlled from the first and 
second floors, and also so that the 
first, second and third floor lights 
may: be controlled from the first and 
third floors. In like manner all four 
lights must. be. controlled from ‘the 
first and fourth floors. 

Worcester, Mass. Bi Pd. 


The following will answer H.P.J.’s 
request for a wiring diagram, in the 
December INDUSTRIAL ENGINEER. 

By using standard three-way 
switches to control the light on each 
floor, and remote-control switches on 
the second, third and fourth floors 
operated by momentary - contaet 
switches, he can control the first and 
second floors from the first and sec- 
ond floors; the first, second and third 
floors from the first and third floors, 
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and . the -first, second,: third ‘and 
fourth from’ the first and fourth; 
also each floor from that floor. 

W. W. PEAsSGoop. 

Chief Electrician, 
American Beet Sugar Co., 
Oxnard, Cal. 
* * * * 


The exact circuit asked for is 
doubtful, but the accompanying dia- 
gram will cover it, as any light can 
be operated from any floor. If a 
switch is not needed simply omit it. 
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Connection for lighting stairs on 

four floors. 

The end switches of each string 
are of the three-way type and the 
intermediate switches are four-way. 
A three-way is the same as a S.P. 
D. T. knife switch, and a four-way 
can be made of a D.P.D.T. knife 
switch as shown. R. M. BEECHER. 


Canandaigua, N. Y. 
* * * * 


In the December issue of INDUS- 
TRIAL ENGINEER, H. P. J. requests a 
diagram for a stair-lighting instal- 
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specifications. .I am enclosing a 

rough sketch of the same as I inter- 

pret it.. I trust that my. interpreta- 
tion is correct and that it will be of 

some assistance to H. P. J. 

Cuas. D. Boney. 
Ebensburg, Pa. 
* * * * 

Grounding Distribution Circuits— 
Please publish the following to be 
answered by some of your readers: 
In our plant we have a 3-wire sys- 
tem for lights, of which the neutral 
wire is grounded at the transformer. 
The National Code reads: “If a sys- 
tem is grounded at the transformer 
it must also be grounded at each dis- 
tribution box, or at intervals through 
the plant.” We do not happen to 
have the grounds at intervals in the 
plant and that is where part of our 
trouble lies. 

I was called to repair some lights 
in one of oux departments with the 
complaint that some were very 
bright and others very dim. Upon 
arriving there I turned out all lights 
and took each one separately. Cir- 
cuit No. 1 did not light; circuit No. 
2 was burning about 220 volts, or 
twice normal; circuit No. 3 burned 
normal. Upon changing circuit No. 
2 to normal, circuit No. 1 also burned 
normal. Can anyone explain this? 
What good is the ground at the trans- 
former without other grounds at in- 
tervals throughout the plant? What 
harm could result should the perma- 
nent ground be removed? 

St. Louis, Mo. E. H. 


E. H. does not say whether or not 
his system is 110-220 volt with a 
grounded neutral, but I assume this 
to be the case. I think that his 
trouble with some lights burning too 
bright and others not bright enough 
is due to a blown neutral fuse some- 
where on the system or a loose con- 
nection or some other high resis- 
tance on the neutral conductor. This 
neutral conductor should not be 
fused. This does not mean that the 
two-wire circuits feeding from cut- 
outs to lamps should not have both 
sides fused, for they should, but the 
three-wire mains should not have a 
fused neutral. ; 

I think that E. H. is mistaken 
when he says that the National Elec- 
trical Code says that the neutral 
conductor must be grounded at the 
transformer and at intervals 
‘throughout the plant. Rule 15A of 
the Code says that the neutral con- 
ductor must be grounded at the 
transformer or at each individual 
service. In this city we prefer to 


ground at each service rather than 
to depend on one ground at the 
transformer. 

'I'hese grounds are placed upon the 
secondary system to protect the in- 
side wiring from high voltage com- 
ing into the buildings from crosses 
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on the outside wires or from trans- 
former breakdown. One ground in 
such a‘case is as good as several as 
long as it is a good one.-- More than 
one ground is preferable as some of 
them may become disconnected. 
From the above statements it can 
be seen that one ground at the trans- 
former will give good protection as 
long as it is in good condition re- 
gardless of whether or not there are 
other grounds on the system. The 
only harm that would result from 
the ground being removed from the 
transformer would be that the pro- 
tection from high voltage would be 
gone. All the grounds mentioned 
above are on the service wires out- 
side the main switch and cutout. 
All wires inside the main switch and 


cutout should be free from grounds. 
; Percy A. BLAISDELL. 
Everett, Mass. 
* * * * 

Rewinding Motor for Four Speeds— 
We have a 5-hp., 1800 r.p.m., 220- 
volt, 3-phase, 60-cycle induction mo- 
tor which has 48 slots in stator and 
is wound with 24 coils made of 13 
turns of No. 15 wire. This motor is 
now connected single star. There is 
room in the stator for another wind- 
ing due to there now being only one 
coil in each slot. There are 55 bars 
in the rotor. Short circuiting rings 
are % in. square, laminations 3% in. 
wide. 

We would like to know if it is 
possible to rewind this motor with 
two sets of winding and secure four 
speeds: 600, 900, 1200 and 1800. The 
horsepower required at slow speed is 
about one. 
Logan, W. Va. B. S. 


The induction motor referred to 
by B. S. can be rewound for four 
speeds, as follows: 

Basing all calculations on the ex- 
isting 5 hp., 220-volt, 1800 r. p. m. 
data, which is 48 slots and 24 coils 
(basket winding or one coil per 
slot) 18 turns of one No. 15 wire. 
For the old winding B. S. does not 
give the number of wires in parallel, 
nor coil pitch. However, the coil 
pitch for a basket winding and 4- 
poles would be either 1 and 10 or 
1 and 12, assuming one wire in hand. 
If there are more wires in parallel, 
B. S. can use the same number of 
wires, but of the size given in my 
final figures. The present winding 
is connected series star. 

We will first design the motor for 
a constant horsepower at all speeds, 
using two windings, one for 4 and 8 
poles, 1800 and 900 r. p. m., and the 
second winding for 6 and 12 poles, 
1200 and 600 r. p. m. 

When winding the stator put the 
4-pole winding on first, in the bot- 
tom of the slots, and the 6-pole wind- 
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ing on top and connect each winding 
on opposite sides. That is, the 4- 
pole on the right hand side and the 
6-pole on the left hand, or vice versa. 

To obtain 4 and 8 poles or 6 and 12 
poles from one winding, we will have 
to resort to-a salient and consequent 
pole connection. Also to get a con- 
stant horsepower, a series-delta con- 
nection will be used for the high 
speed, 1800 and 1200 r. p. m. 4 and 
6 salient pole windings, and a 
two-parallel, star connection for each 
low speed 900 and 600 r. p.m. 8 and 
12-pole winding. The way this con- 
nection keeps the hp. constant will 
be explained later. A -two-layer 
(diamond mush coil) lap winding 
will be used for each winding. 

The first step is to change the 
present 1800 r.p.m. winding for 
220 volt, series-delta. 24 coils — 3 
equals 8 coils per phase. 13 turns 
< 8 coils equals 104 turns per 
phase. Then for a series-star con- 
nection the voltage per phase equals 
220-—1.73 equals 127 volts. Assum- 
ing a 1 and 12 pitch the chord factor 
is .99144, or the sin of 165 deg.—2. 
Then the voltage per turn for full 
pitch will be (1271.009) divided 
by 104 equals 1.23 volts per turn. 

For a 1 and 10 pitch the chord 
factor is .92388, and full pitch volt- 
age per turn equals (127<1.076) 
divided by 104 equals 1.3 volts per 
turn. For the base we will take the 
average of these two values of volts 
per turn, or (1.23+-1.3) divided by 
2 equals 1.26 volts per turn. . 

The turns per phase for a full 
pitch series-delta connection equals 
2 equals 1.26 volts per turn. 

The full load ampere rating of a 
5 hp., three-phase, 220-volt induction 
motor is approximately 15 amp., and 
for a series-star connection the am- 
peres per phase are equal to the line 
rating. Then the circ. mils per am- 
pere equals 3256 divided by 15 equals 
217, where 3256 is the area of one 
No. 15 wire. Then for a _ series- 
delta connection the amperes per 
phase equals ampere per line divided 
by 1.73 or 151.73 equals 8.61: The 
area of the wire equals 2178.61 
equals 1868.37 circ. mils. One No. 
18 has 1624 circ. mils and one No. 
17 has 2048 circ. mils. The No. 17 
should be used if there is sufficient 
slot room. 

Now on all multi-speed induction 
motors the coil pitch is made one 
hundred per cent for the lowest speed 
of each winding. Then for the 4 and 
8-pole winding the coil pitch is 48-8 
equals 6, or 1 and 7, and for the 
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Fig. 1—Diagram for four-speed, 
four-pole series-delta connection. 


Connect lead 1 to A line, lead 12 to B 
line, leads 13 and 17 to C line. Leads 
14, 15, and 16 are left open. The coil 
pitch is 1 and-10 and the coils are 
wound with 13 turns of one No. 17 
wire. There are 12 groups of 6 coils 
per group. 


Fig. :2—Diagram for four-speed, 
4- and 8-pole motor with parallel 
star (consequent poles) connection. 
For four-speed, eight-poles, connect 
lead 14 to A line, lead 15 to B line, 
and lead 16 to C line; also connect to- 
gether leads 12 and 13, and 1 and 17. 


Fig. 3—Diagram for four-speed, 6- 
and 12-pole motor. 


For six-pole, 1200 r. p. m. series-delta 
connection, connect lead 1 to A line, 
lead 2 to B line and leads 3 and 7 to C 
line. Leads 4, 5, and 6 are left open. 
For 12 poles 600 r. p. m., parallel-star 
(consequent poles) connect lead 4 to 
A line, lead 5 to B line, lead 6 to C 
line; also connect leads 1 and 7 and 2 
and 3 together. Note that lead 1 is 
connected to lead 4 on 4- and 8-pole 
winding or 14 leads can be brought out 
and this connection made outside at 
controller or outside of motor. The 
coil pitch is 1 and 7 and the coils are 
wound with 20 turns of one No. 16 
wire. There are 18 groups of 4 coils 


per group. 





6 and 12-pole, 48—12 equals 4, or 
1 and 5. 

Then for the four-pole winding 
the coil pitch is reduced and the 
chord factor is .707. The full 4-pole 
pitch is 1 and 13, or 12 slots, which 
equals 180 deg. With a span of 6 
slots the electrical angle equals 
156 equals 90 deg., or 50 per cent 
pitch. The sin of 90 deg.—2 equals 
-707. 

The turn for the series-delta wind- 
ing will have to be increased to com- 
pensate for the reduced chord fac- 
tor, for with 174 turns the voltage 
would be 220.707 equals 155.54 
volts. The new turns are obtained 
from the proportion 220-155 equals 
x+-174 or x equals (220174) divi- 
ded by 155. This equals 246 turns 
per phase. Then as there will be 48 
coils, 48+3 equals 16 coils per 
phase. The turns per coil equals 


246-16 equals 15. The 4 and 8-pole 
winding, therefore, will be 48 coils 
of 15 turns of one No. 17 wire with 
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coil pitch 1 and 7. By connecting 
as per Fig. 1, this is the series- 


delta connection. Note that. the 
delta is opened at one point; this is 
to prevent circulating currents, as 
only one winding is in use at one 
time, and if the winding not in use 
formed a closed circuit it would act 
as the secondary of a transformer. 
To overcome this both windings are 
opened as indicated. 

Fig. 2 shows how the eight poles 
are obtained. Note that the direc- 
tion of the current as indicated by 
the arrows is reversed in groups 
2, 4, 6, 8, 10 and 12, and all arrows 
point the same, thus forming poles 
between each group. Fig. 2 is a 
two-parallel star connection. 

The way these two connections tend 
to keep the horsepower constant is 
as follows: The series-delta connec- 
tion is good for 220 volts, 15 amp., 
1800 r.p.m. 5 hp. The wire in each 
phase will carry 8.61 amp. 

Changing to parallel-star, the volt- 
age per phase is 110 volts, or the line 
voltage should be 1101.73 equals 
190 volts. Then if 220 volts are ap- 
plied, it will be 16 per cent over 
voltage, and as each leg of the star 
circuit is good for 8.61 amp., the line 
current could be 28.61 equals 17.22 
amp., which is an increase of 14.8 
per cent. Then the net result is to 
reduce the total turns and increase 
the current-carrying capacity, both 
of which will increase the maximum 
torque and tend to keep the horse- 
power constant. 

The 6 and 12-pole winding is fig- 
ured on a percentage basis of the 
4-pole winding or 6-pole turns per 
coils. The following proportion is 
used: 18001200 equals T-—15. 
Or T equals (180015) divided by 
1200, equals 22.5 or 22 turns will do. 
As the horsepower is to remain con- 
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/2 Pole 
stant, the cross-section of copper 
should also be increased in the same 
proportion, or the circ. mils equals 
18001200 equals A~2048. A then 
equals (18002048) divided by 1200 
equals 3072, or one No. 16 will do. 
The 6 and 12-pole winding will con- 
sist of 48 coils, 22 turns, of one No. 
16 wire per coil, with pitch 1 and 5. 
There will be 18 groups, 12 groups 
of three coils in series and six 
groups of two coils in series. The 
location of the six two-coil groups 
should be-as shown in Fig. 3, which 
gives the connection for the 6 and 
12 poles. 

From the above it follows each 
slot will have 215 equals 30 No. 17 
wires, and 222 equals 44 No. 16 
wires, which appears out of the ques- 
tion, as a multi-speed induction mo- 
tor of constant horsepower will be 
about 150 per cent larger than a cor- 
responding single-speed motor of 
the same horsepower at the highest 
speed. 

But as B. S. states only one horse- 
power would be required at the low- 
est speed, or for 1200 and 600 r. p. 
m., then the size of wire for this 
winding can be reduced in the foi- 
lowing ratio: 5—1 equals 2582—x 
or x equals 2582—5 equals 516.2. 
By using the full value found before 
3072-5 equals 614.4, or one No. 22. 

If the original 4-pole motor was 
designed for constant duty and the 
redesigned winding is to be used for 
intermittent duty, the size of wire 
could be reduced one number, that 
is, 18 or 19, 23 or 24. 

From the above B. S. can deter- 
mine whether the motor in question 
can be rewound. The rotor will be 
O. K. for each speed, hence no 
change is required. 

















A. C. Ror. 
Detroit, Mich. 
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For this section ideas and practical methods devised to 
meet particular operating conditions are invited from 
The items may refer to inspection, overhauling, 
testing or special installations. 



































Improvised Starter for a 
Three-Phase Induction Motor 
Prevented a Shut-Down 


ECENTLY one of the auto- 

transformers in the starting 
compensator of a large three-phase 
induction motor became disabled. 
As the motor could not be spared 
pending the arrival and installation 
of a new autotransformer, the engi- 
neer devised the temporary starting 
apparatus shown in the accompany- 
ing sketch. He filled an empty oil- 
height with water, and suspended 
height with water, and suspended 
therein two %-in. steel plates, each 
about 10 in. square. A quantity of 
salt dissolved in the water increased 
its electrical conductivity. 

The compensator was designed for 
operation at four different voltages. 
As the motor would start on the sec- 
ond point of the controller, it was 
necessary to fix the distance between 
the steel plates immersed in the salt 
water so as to give the allowable 
voltage at this point. To find this 
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Water rheostat 
Water rheostat used as half of 
starting compensator when it was 
necessary to provide a temporary 
expedient to prevent a shut-down. 


point the three leads were discon- 
nected from the motor and a volt- 
meter was connected across the ter- 
minals A and B, thus spanning the 
autotransformer which was still op- 
erating. The switch was then 
thrown in the starting position and 
the indication of the voltmeter noted. 
The voltmeter was next connected 
across the terminals A and C and, 
with the switch still in the starting 
position, the distance between the 
steel plates in the water-rheostat 
was adjusted so as to give the same 
reading as before. The motor was 
then reconnected and made ready to 
start. When the motor attained the 
speed permitted by the diminished 
voltage allowed by the improvised 
rheostat, the engineer would throw 
on full voltage with the controller. 
St. Louis, Mo. A. J. DIXON 
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Tinfoil Can Be Used for 
Cleaning Nameplates 


FTEN it is necessary to clean 

off the nameplate of a motor, 
generator or other device in order 
to read the data. Unless the equip- 
ment is well cared for, the name- 
plates tarnish and become heavily 
coated with grease and dirt so that 
it is impossible to read the figures 
without first cleaning the plates. 
Sandpaper, emery cloth, and other 
abrasive agents will remove the ac- 
cumulated dirt but always scratch 
the metal badly. On the other hand, 
a can of some metal polish which 
will clean without scratching is not 
always available, nor is it convenient 
to carry such material around. 


After trying various methods of 
cleaning nameplates I have found 
that a wad of tinfoil such as is used 
for wrapping friction tape can be 
used with good results. The more 
the foil is crinkled the better it 
works. It is always available, does 
not cost anything, will not scratch 
or mar the plate, and is clean. 


Electrician, HENRY MULFORD. 


Patchogue Electric Light Co., 
Patchogue, N. Y. 


(cade. 
Stove Bolts and Pieces of Lead 
Pipe Used for Anchor Bolts 


OR anchoring conduit, switches, 

cutout and junction boxes to 
brick and concrete walls, stove bolts 
and pieces of lead pipe can be effec- 
tively used, as shown in'the accom- 
panying illustrations, when expan- 
sion bolts are not available. 

A %-in. hole is drilled in the wall 
1% in. deep and a 2-in. stove bolt 
inserted. Pieces of 4%4-in. lead pipe 
are then cut %4 in. long, as shown 
at A, inserted over the stove bolt 
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A way to anchor small bolts in solid 
walls. 
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and driven into the hole with the 
aid of the tool shown at B. Enough 
of these pieces are used to fill the 
hole completely. -The stove bolt will 
then be solid and. remain so. 
Greenville, S. C. E. R. HOWARD. 





Simple Hook Facilitates 
Overhead Installation of Cable 
in Factory Building 


UILDING alterations recently 

made it necessary to install in 
a temporary location 1,000 ft. of 
2,000,000 circ. mil. lead-covered ca- 
ble. Inasmuch as this cable weighs 
approximately 1044 lbs. per foot, 
and had to be mounted at a height 
of 18 ft., besides passing through 
three walls and one floor, we had to 
devise some easy method of raising 
the cable and supporting it until it 
could be placed in the hangers. The 
building in which the cable was to 
be installed has wood columns and 
beams, and it was finally decided to 
make a hook or tongs, somewhat like 
an ice tongs, which could be _ sus- 
pended from the wood beams. As 
will be seen from the accompanying 
illustration, which also shows the 
method of using it, this hook was 
made of 1%4-in. by %-in. flat iron, 
forged to a width of 34 in. at the 
points. The points were ground 
sharp, but care was taken not to 
grind the under side of the points, 
as that would tend to let the hook 





This hook grips the wood beam. 
’ and supports the chain hoist. 
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slip. The length of the hook is 18 
in., and the lower ends are connected 
by a short length of chain secured 
by bolts. 

When the hook is slipped over a 
beam and a pull exerted on the chain 
the sharp points are forced into the 
wood and keep the hook from slip- 
ping. For installing the cable two 
hooks were used, with a chain hoist 
suspended from the chain of. each 
hook. The hooks were placed ahead 
of a portable scaffold from which 
the installers fastened the cable to 
the hangers. By the use of these 
hooks seven men were able to in- 
stall the entire length of cable, 
weighing over five tons, in 914 hours. 
La Salle, Tl. W. L. RAMBOUSEK. 





Moving Lamp Helps in Reading 
Glass Oil Gage 


S IT was difficult to see the level 

of the oil in a glas~ gage, the 
engineer in charge of a dynamo and 
engine plant arranged a lamp so 
that it moves up and down with the 
level of the oil. Two wooden pulleys, 
A and B, each about 10 in. in diam- 
eter, were suspended in hangers 
fastened to the ceiling as shown in 
the sketch. One end of a 3/16-in. 
cotton cord was attached to a 4-lb. 
weight, C, and the cord was wound 
differentially around the two pulleys 
—three turns being taken on each. 
The other end of the cord was then 
secured to a 5-lb. copper float, D. 
One end of another 3/16-in. cord 
was fastened with a nail to the rim 








Beam 


Hook 


Chain Horst 





Cable 




















Z ‘Wide at Points 




















215 


of pulley A alongside the first cord. 
Two turns were wound around the 
pulley with this second cord in the 
opposite direction to the winding of 
the first cord. An _ incandescent 
lamp, with a reflector attached, was 
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Lamp keeps at level of oil 
in gage. 





then suspended from the free end 
of the second cord. 

‘With this arrangement the lamp 
rises and falls simultaneously with 
the rise and fall of the float in the 
tank. Thus the light of the lamp 
is constantly reflected on the glass 
at the level of the oil. 

St. Louis, Mo. A. J. DIXON. 





Where Lead-Covered 
Conductors Are Necessary 
in Industrial Plants 


HE importance of providing lead 
coverings for insulated electrical 
conductors installed in underground 
conduit or other moist locations wn 
industrial plants is not so widely rec- 
ognized as it should be. Where this 
practice is not followed, much trou- 
ble results, often involving interrup- 
tions of service. Recently several 
instances of trouble showed up in 
industrial plants where rubber-insu- 
lated wires or cables were installed 
in underground conduit. The cases 
of trouble were not confined to out- 
door locations, but were found inside 
of buildings, as for instance, in a 
steel rolling mill where the conduit 
for control wires passed under the 
rolling machinery. Moisture from 
the spray water used to cool the rolls 
seeped through the floor and found 
its way into the conduit. As a re- 
sult, the braided, rubber-insulated 
wires gave considerable trouble and 
had to be replaced every eighteen 
months. Another rolling mill which 
had a similar problem finally used a 
lead-covered cable as a:remedy. 
Another instance was in a plant 
where the electrical conductors were 
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in underground fiber conduit laid be- 
tween buildings in concrete. Al- 
though every effort had been made 
to exclude ground moisture, never- 
theless the insulation failed. Even 
if it were possible to construct and 
maintain underground conduits in 
such a way as to exclude ground 
moisture, it is absolutely impossible 
to prevent the condensation of mois- 
ture from the air in them. Also, 
there can be no assurance that 
ground water will be permanently ex- 
cluded, because the concrete is liable 
to crack from many causes, such as 
heaving of the ground on account of 
frost, settling, passage of heavy 
loads and so on. A similar deterio- 
ration of impregnated braids and 
rubber insulation also occurs with 
the high-grade wires used for rail- 
read signaling where the small 
wooden troughs, known as “trunk- 
ing,” in which they are laid, is placed 
underground as, for instance, when 
crossing under tracks. In some par- 
ticularly bad locations these wires 
have to be replaced every year. The 
wiring of packing houses is another 
instance of the absolute necessity of 
using lead-covered wires and cables 
in damp locations. 

On the other hand, an extensive 
survey of brass rolling mills, ship- 
yards and other industries shows 
that the practice of installing cables 
with lead covering for underground 
distribution is well recognized and 
applied by the most up-to-date engi- 
neers. Some large plants have sev- 
eral miles of such cable and although 
the first cost is higher than for 
braided cables, the longer life. insig- 
nificant maintenance and freedom 
from interruptions of service reduce 
the annual charges to the lowest at- 
tainable figure. This practice is, 
moreover, in accordance with the 
standards of the National Board of 
Fire Underwriters as well as of the 
American Institute of Electrical En- 
gineers. 

The “National Electrical Code” re- 
quires that all wires in damp loca- 
tions be lead covered. In one factory 
building, for example, rubber-insu- 
lated, lead-covered cables were used 
between the switchboard in the cellar 
and the panel on the first floor be- 
cause the cellar did not extend under 
part of the building where the ducts 
were run. Experience has shown 
that conduits in the ground are cool 
enough to cause condensation of the 
warm air from the building which 
is bound to circulate through them. 
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A special lamp for burning com- 
bustible elements out of gaseous 
mixtures. 

Suitable resistance is used to keep the 
filaments below 700 deg. C., which is too 
low a temperature to explode the mix- 
ture, and a special catalyst is em- 
ployed to burn out the combustible 
gases. The wire gauze acts on- the 
principle of the Davy safety lamp. 





The Marine Code of the Institute of 
Electrical Engineers also requires 
lead-covered wire below the water 
line of ships because of the conden- 
sation which takes place on the cool 
surface of the steel work to which it 
is attached. The Navy Department 
even goes so far as to have all wire 
on warships lead-covered. 

One consideration, however, which, 
in addition to electrolysis, must be 
taken into account in the use of lead- 
covered cables, is that certain soils 
contain chemicals injurious to lead, 
particularly alkalis and acids from 
decaying vegetation. Slag and cin- 
der fills or lime are likely to produce 
dangerous conditions, especially when 
used in concrete construction. To 
overcome bad soil conditions, some 
engineers place a few inches of loam 
or sand around cables buried directiy 
in the earth and have met with re- 
markable success. Many instances 
are on record, however, where lead- 
sheathed cables in conduit lines con- 
structed in ground consisting of cin- 
der or slag fill have been in service 
for ten years or more and do not 
show any signs of deterioration. The 
secret of this success undoubtedly 
lies in good drainage of ducts and 
manholes. 

The American Committee on Elec- 
trolysis, in collaboration with the 
Bureau of Standards and the Under- 
ground Systems Committee of the 
N. E. L. A., is now carrying on an 
extensive series of tests to show the 
action of various types of soils on 
lead sheaths. The results will be 
available to the public from time to 
time as they progress and should 
throw much light on this now rather 
obscure subject. F. A. WESTBROOK. 


Field Engineer, 
Habirshaw Electric Cable Co., 
New York City. 


Burning Out 
Accumulations of Explosive Gas 
by a Special Lamp 


HE accumulation of explosive 

gas mixtures in enclosed spaces 
is of frequent occurrence, and acci- 
dental ignition of these explosive 
mixtures has led to disastrous re- 
sults in sewer systems, service tun- 
nels and underground systems. The 
same problem presents itself as a re- 
sult of gas mixtures which accumu- 
late in closed vaults containing con- 
trol apparatus, electrical or other- 
wise, in transformers and around 
similar apparatus. 

The gases accumulating under 
these conditions may arise from a 
variety of causes. In general, how- 
ever, they are essentially hydro-car- 
bons (principally methane and re- 
lated compounds) with occasional 
admixtures of hydrogen and carbou 
monoxide. In underground systems 
in streets there is some possibility of 
the accumulation of gasoline vapors 
or of illuminating gas from adjoin- 
ing mains or, in unusual cases, gases 
arising from the accidental destruc- 
tion of the organic insulating ma- 
terials commonly used. In systems 
where considerable quantities of lu- 
bricating oils are used, a slight ac- 
cumulation of explosive vapors may 
arise from these materials. 

The danger of explosion can be 
eliminated by continuously removing 
the explosive mixture by burning it 
up more rapidly than it can accumu- 
late. To do this the gas must be 
oxidized at a temperature consider- 
ably below the explosion point, which 
can be done by the use of an oxida- 
tive catalyst finely distributed over 
a porous surface. A description of 
the principle of this operation, and 
some of the results attained follows: 

A special lamp is made up as 
shown in the accompanying illustra- 
tion, with a lamp base which may be 
screwed into any ordinary lamp 
socket to connect with a 110-volt cir- 
cuit. The leads are brought in from 
this base in the standard fashion 
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through a glass insulating member. 
A fine mesh wire screen, to prevent 
any flame which may form in the 
interior from striking through to the 
outside according to the well-known 
Davy principle, is attached to the 
glass bell which fits into the socket 
shown. As a matter of fact, the de- 


vice is so designed that the possi-, 
bility of formation of a flame-in the: 


interior may be neglected. Many 
experiments were made with the bare 


and unprotected filament, but the: 


wire gauze is an additional security.. 
The filament itself is the simplest 
form of a coil. In practice a num- 
ber of designs of lamp, more suitabie 
for special purposes, are used and 
consist either of a solid porous cyl- 
inder internally heated or of wires 
sheathed in porous tubes and ar- 
ranged to form a hollow cylinder. 
The essential feature in the whole 
device is the application of a catalyst 
to a porous surface of considerable 
area, and the control of the resist- 
ance of the whole system so that it 
normally operates at a safe and ef- 
fective temperature. The tempera- 
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ture’ found to be most satisfactory 
for use in connection with a plati- 
num catalyst is between 600 and 800 
deg. C. The best temperature of op- 


eration depends somewhat on: the 


catalyst used and the results have 
varied accordingly. 
‘Throughout an extended series of 


tests with numerous gases and. a 
variety of lamps, ignition of the most ° 


highly explosive vapors was nevér 
obtained. About 700 deg. C. is con- 
sidered a safe temperature for the 
device as constructed. Some of the 
results obtained at various times, 
based on 5 cu. ft. of gas and using 
a lamp of the most effective type 
with a platinum catalyst, have been 


as follows: 
Air, Percentage 
Combustible Gas Pot. Pet. Burned Out 
Pittsburgh Nat’l Gas.. 8.6 91.4 43 in 24 min. 
Rich Coal Gas............ 8.6 91.4 40in 24 min. 
Lean Coal Gas..........2 10.0 90.0 57 in 24 min. 
FEPOrO BOR” mascctcescerscincces 10.0 90.0 56in 10 min. - 


A surprising. feature of these re- 
sults is that the device functions 
even in a 10 or 15 per cent hydrogen- 
air mixture. This is probably the 
most severe,test that could be made. 
The rate of consumption is consider- 
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ably- increased in this mixture, as 
may be noted. For mixtures of air 
and hydrogen (as found in subma- 


-rines and the like) a type of lamp 


specially designed for this purpose 
is recommended. 

When actively funtioning in an 
explosive mixture, the temperature 
of the filament increases somewhat, 
due to the heat of reaction. This rise 
is readily discernible and the tem- 
perature drops again when the com- 
bustible gas is exhausted, giving a 
qualitative indication of the presence 
of explosive vapors. By the use of a 
thermocouple junction this indica- 
tion may be made to be self-record- 
ing and capable of accurate measure- 
ment. Dr. H. C. P. WEBER. 


Research Laboratory, 
Westinghouse Electric & Manufacturing Co., 
East Pittsburgh, Pa. 





Simplifying Maintenance Work 
by Using Folding Ladders 


LTHOUGH practically every 

man responsible for mainte- 
nance and operation would gladly 
eliminate the use of ladders the na- 
ture of the work is such that it is 
often necessary to use both step lad- 
ders and ordinary straight ladders. 
It is an advantage, however, to have 
these ladders as light and conve- 
nient as possible without in any way 
sacrificing strength. The four pic- 
tures in the accompanying illustra- 
tion show both a step ladder and a 
straight ladder which are made not 
only light but to fold so that they 
can be conveniently carried from 
one place to another as the oilers, 
cleaners or other maintenance and 
repairmen go from one job to the 
next. These ladders, made by the 
Peerless Folding Ladder Company, 
Greenville, S. C., are shown both in 
actual use and folded for carrying. 
The straight ladder, as shown at the 
right, folds into a round pole; the 
step ladder, as shown at the left, 
folds into a convenient bundle for 


carrying. G. E. F. 
‘Chicago, Ill. 





Two types of folding ladders which 
make it easy to carry them from 
one job to the next. 


The folding step ladder as shown in 
the upper illustration at the left is 
rigid, when in use, strong, and has a 
wide footing for the step but in ad- 
dition can be folded up, as shown in 
the illustration directly beneath it, 
so that it.can more easily be carried 
from place to place. Straight lad- 
ders, as shown in the upper and 
lower. illustrations at the right are 
also folded into a bundle resembling 
a pole only a foot or two longer than 
the original ladder. With a light 
ladder, which is easy to carry and 
erect, oilers are less likely to shirk 
oiling in out-of-the-way places. 


” 
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cuts_or improved methods. 





In the Repair Shop 





1 dedi 


This section is devoted to all sorts of electrical repair work, large and small. 
Special attention is given to tools found convenient at the shop bench and short 
Articles on these subjects are always welcome. 
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Motor Changed from Two-Phase 
to Three-Phase by Springing 
Coils to Different Pitch 


ECENTLY a 400-volt two-phase 
motor came into the shop to be 
changed for operation on 440 volts 
three-phase. In making the change 
it was found that the old coils could 
be used after reinsulating them and 
springing them to span a smaller 
number of slots. This meant that 
the expense of new copper was saved. 
The motor was of the squirrel-cage 
type rated at 40-hp., two-phase, 400 
volts, six poles, 480 r.p.m., 25 cycles. 
It had 144 slots and coils. Each coil 
had three turns of- one 1/16-in. by 
14-in. copper strap, and a pitch of 1 
and 25. There were.twelve groups 
and twelve coils in series per group. 
Using the small coils and pitch, the 
three-phase delta voltage would be 
400*2~—0.90-~—3 0.955. The value 
0.90 is the distribution factor for a 
two-phase motor. Taking both phases 
the total voltage generated is 400— 
0.902. Dividing by 3, we get the 
numerical sum of all voltages in one 
phase of a three-phase motor. Here, 
again, we must apply the distribu- 
‘ tion factor if the machine is oper- 
ated as a three-phase machine. The 
distribution factor for a three-phase 
machine is 0.955 and therefore 400— 
0.902 —3 0.955 = 282.94 volts is 
the voltage of the machine connected 
in series-delta. If the machine is 


connected series-star, the line volt- 
age will be 1.73282.94, or 490 volts, 





provided the chord factor is the same 
as it was before. This voltage, 490, 
is 11.36 per cent too high for 440- 
volt operation. Therefore we must 
reduce it by decreasing the chord 
factor. 

The chord factor of the two-phase 
winding was figured as follows: 
Full pitch was 144 (slots) -—6 (poles) 
which equals 24 slots, or pitch of 1 
and 25. The-aetual pitch was 1 and 
23, or 22 slots. Therefore the chord 
factor equals the sine of % (180 
2422) degrees, or sine 82 deg. 30 
min., which equals 0.99144. The full 
pitch voltage would consequently be 
490-—0.99144— 495 volts. But the 
voltage should be 440 therefore it 
was necessary to reduce the chord 
factor to a value that would give 440 
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volts. This chord factor is 440-495 
=0.89. For a coil pitch of 0.89: it 
must be true that -0.89 equals the 
sine of 1% the angle spanned by the 
coil. The angle whose sine is 0.89 is 
62 deg. 52 min. Therefore the -coil 
spans 262 deg. 52 min. or 125 deg. 
44 min. But full pitch equals 180 


- deg. therefore the required pitch — 


24 — 180 « 125 (60—40) = 16.7 
This means the coil must span 17 
slots or have a pitch of 1 and 18. 
The exact chord factor is sine 4 
(180—2417) =0.89687 which is 
within 1 per cent of 0.89. : 
Consequently the coils were sprung 
to fit the pitch and re-insulated. The 
number of phase coils equals twice 
the number of groups and there were 
eighteen groups of eight coils each. 
The number of groups equals the 
number of poles multiplied by the 
number of phases. The motor was 
connected in series-star. Since the 
change it has operated satisfactorily 


in every respect. A. C. ROE. 
Detroit, Mich. 


a en 


How to Solder Large Rotor 
Without Use of Soldering Iron 


T IS practically impossible to solder 

very large rotors with a soldering 
iron. Such soldering can, however, 
be done in a small shop by the use of 
two ladles, as shown in the accom- 
panying drawing. For this purpose 
the solder is made very hot and then 
poured from one ladle over the ends 
of the rotor bars, while the other 
ladle is held underneath to catch 
what runs off. When first starting 
this operation with a cold rotor, the 
solder will pile up in heaps and not 
join the bars to the end ring. How- 
ever, as the pouring is continued, the 
bars become hot and the excess 








Solder af a high tempera- 
ture is poured over the 
rotor and the _ excess 
caught in a second ladle 
held underneath the rotor. 
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solder runs off into the lower ladle, 
while the joints will be completely 
filled. 

The main point to remember when 
using solder in this way is to have 
it at a high temperature. If the 
solder is not hot enough, it is hard 
to do a good job. J. P. COLLOPY. 


Owner and Manager, © 
Motor Repair Shop, 
Fort Collins, Colo. 





Handy Fuse Tester Made From 
Pocket Flashlight 


HE ACCOMPANYING diagram 

- illustrates a pocket flashlight 
converted into a fuse tester for the 
maintenance man’s or factory elec- 
trician’s kit. It can be carried in 
the pocket and the alteration does 
not interfere with its operation as a 
flashlight or the action of the push- 
button switch. 

The device is made of a small, flat, 
nickel-plated pocket flash-light as 
shown in the accompanying draw- 
ing. To make this a 4-in. hole is 
drilled in the metal case on the cen- 
ter of one side, about %4 in. from 
the bottom rim, as indicated. Two 
flat-head 6-32 screws 14 in. long are 
soldered to the case in line with the 
¥4,-in. hole and about 1 in. apart as 
shown. Next a piece of 1/16-in. 
brass, 1%%-in. square, is cut with 
a circular notch as shown. Two 4- 
in. holes are then drilled: in this 
brass an inch apart to fit the two 
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screws soldered on the case. Two 
14-in. and one 4-in. holes are drilled 
in a piece of fiber 3% in. by: % in. 
by 1% in. These holes are spaced 


to fit over the two screws and open- | 


ing as shown at A in the accompany- 
ing sketch. 

One end of a piece of No. 18 fix- 
ture wire about 5 in. long is looped 
around one of the battery terminals 
as shown at B. The insulation of 
the wire is retained close up to this 
loop which is slipped over the short 
terminal of the battery and the de- 
vice is ready for assembling. Before 
assembling it is good practice to file 
off sharp edges on the 14-in. hole in 
the case to prevent cutting the insu- 
lation on the fixture wire. 

The testing device is assembled 
as follows: After putting the loop 
over the battery terminal, pass the 
other end of the wire through the 
hole in the case from the inside to- 
ward the outside, through the middle 
of the fiber block and solder it to the 
brass piece as shown at A. Next the 
fiber and then the brass piece are 
slipped over the screws, two fiber 
washers are added and tightened by 
two 6-32 nuts. The fiber washers 
fit into and over the 14-in. opening in 
the brass plate and are used to in- 
sulate the screws and the nuts. After 





Cartridge or plug fuses are easily 
tested by this simple device which 
can be made from a flashlight and 
carried in the pocket or tool kit. 
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the nuts are screwed tightly the pro- 
truding ends of the screws are cut 
off and the rough edges filed smooth. 
The battery is then wrapped with 
one thickness of friction tape, as in 
B, to keep the fixture wire in place 
as well as to insure a good connec- 
tion and to prevent the loop from 
interfering’ with the button switch. 
The battery is then inserted in the 
usual way. The method of testing 
a plug fuse is shown at D, and the 
method of testing a cartridge fuse 
at E. If the fuse is good, the lamp 
lights. Care must be taken when 
assembling that the screws on the 
case do not come in contact with 
the brass piece. Also, it cannot be 
carried in the pocket or tool box 
with loose pieces of metal which 
might accidentally close the circuit 
and thus drain the battery. 
Tuckahoe, N. Y. J. E. MCCARTHY. 


idee Silent: 
Rebuilding Rotor End-Rings 
to Reduce Trouble 


SHOULD like to make a comment 

on Mr. Tillman’s method for re- 
building rotor end-rings that ap- 
peared on page 61 of the January 
issue. I have used his method but I 
have welded the rotor bars to the new 
end-rings instead of soldering them 
and I have had absolutely no trouble 
with motors after repairing them in 
this way. The slot insulation is, of 
course, destroyed by welding them 
but in the ordinary induction motor 
this makes no difference in the oper- 
ation and the chance of loose rotor 
bars is entirely eliminated. I can 
furnish additional details of the 
welding job if desired. 

I shall take this opportunity to 
wish INDUSTRIAL ENGINEER the 
greatest success as it is filling a 
long-felt want. D. A. BLODGETT. 


Chevrolet Motor Co., 
Flint, Mich. 


a a 
A. C. Fans 


Burn Out When Six Blades Are 
Substituted for Four 


NUMBER of. six-blade induc- 
tion-type fans were received in 

the shop for repairs during last sea- 
son. Inspection revealed that in a 
number of: cases the field winding 
and the series transformer in the 
base of the fan had been heated to 
such an extent that the insulation 
on the wires and around the coils was 
charred, and both windings were 
short-circuited. As the heating was 
generally distributed, the trouble 
was blamed on overload. This had 
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been caused by substituting six- 
blade fans for the four-blade fans 
with which they were originally 
equipped. 

When these fans were received in 
the damaged condition the style and 
serial numbers were checked and 
these proved that in each case the 
fans were originally of four-blade 
construction. By consulting the 
owners of the fans it was found that 
the following were the reasons for 
making such changes: (1) The 
owner wanted a greater volume of 
air, so he substituted six for four 
blades; (2) the original four blades 
were out of balance and could not 
be straightened. This was during a 
hot period and the owner could not 
get a set of four blades; so he took 
what he could get, which was six 
blades. The last example was from 
a dealer, who stated that when a call 
was received for a six-blade fan, the 
set of four blades was removed from 
a four-blade motor and the six-blade 
set substituted. This dealer had 
been.substituting six blades for four 
in direct-current fans without any 
ill effects. These were all series mo- 
tors and the substitution of six 
blades for four blades increases the 
load and slows down the fan, but the 
windings usually do not get warm 
enough to burn out. 

With the induction type of fan the 
case is different. It is general prac- 
tice to wind the stator of six-blade 
fans for six poles and the stator of 
four-blade fans for four poles. Hence 
the speed of each type is fixed. Fur- 
thermore the motor windings are of 
the single split-phase type and the 
load must be kept well within the 
pull-out torque of the motor. The 
synchronous speed of the four-pole 
motor is 1800 r.p.m. The six-blade 
fan is made to run at 1200 r.p.m. 
Therefore, if it is put on the four- 
pole motor its speed will be increased 
50 per cent. The power required to 


turn the fan varies as the cube of 
the speed and, therefore, the four- 
pole motor would be working at a 
very great overload with a six-blade 


fan. 
Detroit, Mich. 


A. C. Ror. 
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Speed of Cutting 
Cast Iron of Various Thickness 
by Electric Arc 


HE PROCESS of arc cutting is 
purely a melting process, the 
heat energy of the arc terminal be- 
ing directed along the line where 
the cut is desired. In special cases 
metallic electrodes, heavily wrapped 
with asbestos yarn and using cur- 
rent values higher than normal, have 
been used for cutting after the elec- 
trodes are first dipped in water. 
This forms steam and blows the 
molten metal away. This method, 
however, is expensive and has been 
used to a limited extent by the Brit- 
ish Admiralty for cutting deep, small 
diameter holes in armor plate. For 
general cutting work graphite or 
carbon electrodes are used with cur- 
rent values of 300 to 1,000 amperes, 
depending upon the nature of the 
work and the cutting speed desired. 
Foundries make use of arc-weld- 
ing equipment for repairing defec- 
tive castings and use the same appa- 
ratus for cutting off risers and burrs 
from their castings. In one instance 
a 3-in. by 9-in. neck on a riser from 
a large grey-iron casting was cut 
through in 5 min., when using 800 
amp. The riser was then cut 
through the main portion (8-in. by 
8-in.) in 17 min., still using 800 amp. 
Labor at 60c an hour and electric 
power at 2c a kw.-hr., for the motor- 
generator, gives a cost of 15c for 
cutting the neck and 52c for cut- 
ting the body of the riser. The 
results of a number of experiments 
show the rate or speed that castings 
may be cut by the electric arc as 
given in the three accompanying 
charts. These show actual cutting 
time only and additional allowance 
must be made for any conditions out 
of the ordinary. The experiments 
are based on the use of 600 amp. 
Where it is desirable to cut the 
material to accurate dimensions, it 
is necessary to lay out a guide line 
with white lumber crayon which the 
operator can follow with his arc. It 
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These three curves show the time 
required to cut cast-iron pieces of 
varying cross-section. 

This set of curves may be used in 
estimating the time required to do 
various types of cutting in cast iron. 
For making these tests a current of 
600 amp. was used. Only the actual 
cutting time, however, is recorded 
here and allowance must be made for 
conditions which would retard the 
preparation or progress of the work. 





is then possible to make a neat cut 
in %4-, 3%- or %-in. steel plate at a 
high rate. For example, a piece of 
¥Y,-in. plate steel was cut at. 75 ft. 
per hr. when using 450 amp. 

For scrapping or rebuilding steel 
freight cars or similar plate fabrica- 
tion the are process is the cheapest 
method of removing rivets and cut- 
ting up steel plate material into 
pieces sufficiently small either to be 
charged directly into the cupola or 
to be handled for recutting in a 
shear. Because this plate material is 
generally covered with paint or rust 
current values of 400 to 600 amp. are 
frequently used and, in some in- 
stances, as much as 800 amp. Using 
this latter current value cuts have 
been made at an average rate of 75 
ft. per hr. and an entire coal car 
cut up in 4 hrs. in pieces sufficiently 
small to be handled to the shears by 
four men at a total cost of $6.80 in- 
cluding labor and power for the 
motor-generator. When using 400 
amp. an average operator will cut 
from 1,800 to 2,000 %-in. rivets in 
a 10-hr. day although some opera- 
tors will run as high as 2,600 to 
3,100 rivets when the work is on a 
piece-rate basis. 

Cutting with the arc is not lim- 
ited to iron and steel but can be ap- 
plied equally well to non-ferrous met- 
als such as brass, bronze and copper. 
Some experiments made in cutting 
of copper by the electric arc were 
given on page 448, Sept., 1922, is- 
sue of the INDUSTRIAL ENGINEER. 
In fact, for cutting copper which 
cannot be cut mechanically the arc 
process has proved to be the cheap- 
est. A. M. CANDY. 


Are Welding Engineer, 
Westinghouse Electric and Mfg. Co., 
East Pittsburgh, Pa. 
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Better ways to transport and handle raw 
and finished parts in and around the 
works will be discussed in this section. 








How One Man Can Lift 


and Dump Heavy Barrels 


Without Danger of Loss or Injury 


HE TASK of dumping barrels 

into vats’ or other containers is 
one of the difficult and awkward jobs 
around any plant. This is simplified 
at the plant of the Agar Provision 
Company, Chicago, IIl., by the use 
of the Economy portable elevator or 
tiering machine (Economy Engineer- 
ing Company, Chicago, IIl..), shown 
in the accompanying illustration. 
Barrels are inconvenient to handle 
and when filled often weigh several 





One man can lift and empty a 
barrel with this machine easier 
than could three by hand. 


By removing the platform from a tier- 
ing machine and attaching to it the 
special steel cradle as shown in the 
illustration, one man can lift heavy 
barrels and hold them in position until 
the contents have emptied. This is not 
only safer for the men but eliminates 
the possibility of loss through a. barrel 
slipping away from the man and spill- 
ing the contents. 


hundred pounds, so that they would 
require two or more men to dump 
them conveniently. With sticky or 
slow running material the barrels 
must be held in position until it 
runs out or is scraped out. In addi- 
tion there is always danger of the 
barrel slipping and causing a serious 
accident, resulting in injury to the 
men or the loss of the contents. 
With the arrangement pictured 
here one man not only lifts the bar- 
rel but dumps it. When the machine 
platform is lowered the steel cradle- 
ring which holds the barrel rests 
upon the floor. The barrel is placed 
within the ring, the platform ele- 
vated slightly, and two short chains 
are hooked over the chime of the 
barrel. The platform is then ele- 
vated, by turning the crank, suffi- 
ciently high to dump. During the 
elevating operation the barrel is 
held in an upright position but 
suspended within the ring. As 
shown, the cradle rests on two pivots 
attached to the platform arms. By 
operating the hand winch, shown 
fastened to the frame work of the 
portable elevator, the barrel can be 
tipped to any angle and held there 
until the material has run out or. is 
scraped out. The operator, when the 
barrel is tipped, can hold it in that 
position until the barrel is empty. 
When empty the barrel is lowered 
into its vertical position by releas- 
ing the hand winch and the platform 
lowered. This portable elevator may 
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be moved from place to place, but as 
soon as the handle by which it is 
pulled is loosened it becomes sta- 
tionary. 
—__>———-- 
Preventing Excessive Wear 
From Trailers on Concrete Floors 


by Surfacing With Asphalt 


HERE electric trucks or trac- 

tors are installed for use over 
concrete floors, the steel-tired trail- 
ers frequently wear out the floor. 
This may be overcome if the floors 
are originally hardened when they 
are laid by using some form of hard- 
ener in the cement. In some -cases 
of soft concrete floors the trailers 
have worn an inch or two into the 
soft concrete in the floor. This is 
difficult to repair due to the thin coat 
of concrete which can be laid. 
One company which had consider- 
able difficulty along this line laid a 
special cover of asphalt about 1% 
in. thick over a section of floor which 
is subject to heavy traffic and which 
had worn quite badly. Two years 
later the asphalt showed but very 
little wear. Slightly more power is 
required for handling over the as- 
phalt than is needed over sections of 
smooth concrete. This item, how- 
ever, is small and is but little more 
than that necessary for worn spots. 


—____~>——--— 


Two Methods of 
Coupling Trailers Into a Train 
for Industrial Haulage 


NE OF the big problems inci- 
dental to the operation of trail- 

ers in connection with industrial 
tractors is to be sure that they will 
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Bom ale 
Two methods of connecting trailers 
so that they will. track properly. 
Hither of these simple types of connec- 
tions may be easily applied to exist- 
ing equipment so that it will track bet- 
ter when operated by industrial trac- 
tors. Type B it will be noted. is much 
more easily and quickly coupled than 
is Type A and it also tends to hold 


the trailers entirely apart, even though 
operated on down grade. 
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track properly. In this much de- 
pends upon getting the proper type 
of connections to join together the 
train of trailers. Two types of con- 
nections are shown in the accom- 
panying illustration. In one case 
these are fastened together by chains 
while in the other a quick-coupling 
hook is used. Either of these meth- 
ods is easily applied to trailers and 
may be used where difficulty has 
been found in this line. 
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Installing a 
Magnet Above a Belt Conveyor 
to Remove Stray Iron 


AGNETS have unusual uses 

which, although not as com- 
mon and well-known, are just as in- 
teresting and important economically 
as the loading and unloading of iron 
or steel in quantities. In any ap- 
plication of a magnet, even the more 
powerful ones, it must be remem- 
bered, however, that it can only exert 
its power effectively through short 
distances—up to 12 or at the most 
about 15 in. 

The accompanying illustration 
shows one such unusual use for a 
40-in. Ohio magnet (The Ohio Elec- 
tric and Controller Company, Cleve- 
land, Ohio) wound with an energiz- 
ing coil for continuous service. This 
is supported above a belt conveyor 
carrying silver ore at a mine at 
Fresnillo, Mex. The purpose of this 
installation is to extract stray or 
tramp iron or steel from the-ore as 
jt passes under the magnet. If such 





By the proper application of a 
magnet, scrap and stray iron may 
be easily removed. from ore or 
other materials carried in a con- 
veyor and so prevent the breaking 
of crushing machinery. 
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pieces are not taken out, they may 
break the crushing rolls and thus 
cause considerable delay and expense: 
Small magnets have been in use for 
this purpose in flour mills for many 
years but in late years many large 
magnets, such as that shown, are 
being used over belt conveyors carry- 
ing copper and lead ores, coal and 
other materials, to protect the crush- 
ing machinery from injury. In some 
instances this method is used to re- 
move the iron from the material and 
so prevent its admixture in the pro- 
duct. In all such cases the magnet 
should be placed as close to the ma- 
terial as possible. 


- —— 


How Tramrail Hoists 
Enable Small Men to Do a 
Strong Man’s Job 


N INDUSTRIAL operations 
where men are required to lift 
heavy weights or bundles during the 
manufacturing processes it usually 





With this overhead hoist a small 
man can easily handle a 300-lb. 
bundle of wire. 

It has been former practice in the steel 
mills to get men strong enough to 
handle these bundles. In times of 
labor shortage it is difficult to get such 
men. These hoists overcome much of 
this difficulty and enable a small man 
to do the work. 4 





pays to investigate the possibilities 
of using some of the various types of 
material-handling equipment for 
supplanting the heavy hand labor. 
One case where such equipment 
proves effective is in the steel in- 
dustry. For example, it has always 
been the practice to use men strong 
enough to handle the bundles of wire 
from the wire drawing bench and 
also in and out of storage. This 
work requires a strong man, and as 
men get scarce it becomes more dif- 
ficult’ to find men suitable for that 
operation. ~ 

Several steel mills have equipped 
their wire shops with electric tram- 
rail hoists, as shown in the accom- 
panying illustration. Here each elec- 
tric hoist (The Cleveland Crane & 
Engineering Co., Wickliffe, -Ohio), 
which is operated by push-button 
control, travels longitudinally on an 
I-beam. These I-beams in turn are 
so mounted that they have a cross 
travel. In this way one hoist can 
handle the work over a considerable 
area. Special care must be taken to 
see that.the hoist does net bind 
either on the I-beam or the cross- 
travel, as to do so would retard pro- 
duction. With this hoist a small 
man can handle the bundles of drawn 
wire and load them from the draw- 
ing bench to the truck, almost -as 
quickly as he could do it by hand if 
he were strong enough. The truck 
loadéd with bundles is hauled either 
to the next process or to storage by 
electric tractors as shown. 
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Practical Books 
For Your Personal Library 


Every man who aspires to larger responsibilities should build up a pro- 
Copies of these books may be obtained from the 
publishers mentioned. 

















Machinery Foundations and Erection— 
By Terrell Croft, Consulting En- 
gineer, St. Louis, Mo. Published by 
the McGraw-Hill Book Company, 
Inc., 370 Seventh Avenue, New York 
City. First edition, 691 pages, price 
$5.00, illustrated. 


Those persons interested in the de- 
sign or construction of foundations for 
machinery and in the erection of the 
machinery, will find the subject covered 
thoroughly and practically in _ this 
volume. The volume contains a large 
variety and amount of data and in- 
formation in a form not only easily 
available and usable, but a total of 773 
illustrations makes the information 
more easily understood and applied. 
‘Numerous simple rules are _ given 
whereby foundations can be easily de- 
signed by those having a working 
knowledge of arithmetic. 

The first division of the book is de- 
voted to the general requirements of 
foundations, to formulas for proper 
proportions, and to the subjects of 
vibration and the bearing power of 
soils. This is followed by divisions on 
the design and properties of machinery- 
foundation components such as anchor 
bolts, anchors and anchor plates, 
anchor-plate pockets, anchor-bolt cas- 
ings, and anchor-bolt templets. Founda- 
tion installation is then treated under 
the subjects of laying out and excavat- 
ing, masonry and concrete foundations 
and forms therefor, and lastly, enlarg- 
ing, repairing and removing existing 
foundations. 

The next group of divisions gives 
specific information on the design and 
construction of foundations for ma- 
chines of certain types. The last divi- 
sions explain the methods employed in 
erecting the machinery after the foun- 
dation has been built. 


* *K * xX 


The Welding Encyclopedia—Second edi- 
tion, edited by L. B. Mackenzie and 
H. S. Card. Published by the Weld- 
ing Engineer Publishing Company, 
608 South Dearborn St., Chicago, II1., 
314 pages, price $5.00. 


Approximately the first half of this 
reference book on the theory, practice 
and application of the four autogenous 
welding processes, consists of a direc- 
tory of words, terms and trade names 
used in the welding industry. Con- 
siderable attention has been given to 
instructions for welding operations on 
the more common types of repair and 
production work, descriptions of mod- 
ern methods of testing welds, specifica- 
tions for welding wires and rods for all 
classes of work, and descriptions of the 
application of welding to the various 
industries, such as automobile repair- 
ing, refrigerating machinery, structural 
steel work and other lines. Separate 
chapters are devoted to oxy-acetylene 
welding, electric arc welding, electric 


resistance welding and thermit welding. 
Complete descriptions of each of these 
processes are given, followed by gen- 
eral operation instructions and special 
instructions for the application of each 
process to every metal which can be 
welded by it. 

One section of the book is devoted 
to the various legal and insurance regu- 
lations on welding operations. A spe- 
cial chapter deals with the heat treat- 
ment of steel. A variety of methods 
of preparing joints for welding is 
shown in a group of charts and tables. 
In all, a total of 550 illustrations is 
used in this book. A special item of 
interest is a color chart which explains 
the proper adjustment of the oxy- 
acetylene flame. At the end of the book 
a catalog section of over 70 pages de- 
scribes and illustrates standard lines of 
welding equipment apparatus, and 
brings the total volume up to 388 pages. 

* * * %* 

Technical Expositon—By Karl Owen 
Thompson, A. M., Associate Profes- 
sor of English at Case School of 
Applied Science, Cleveland, Ohio. 
Published by Harper and Brothers, 
New York City, 227 pages. 


That industrial engineer who is re- 
luctant to write for publication about 
the novel phases of his everyday work 
will find in this admirable book the 
answers to many of the problems such 
writing involves. Indeed, so complete 
is this comprehensive treatise that it is 
debatable which profession owes Prof. 
Thompson the more: engineering or 
technical journalism. 

It is no secret that not the least of 
the tribulations of an editor is caused 
by the hesitancy of many well-informed 
constituents to contribute to the pages 
of his journal. All too frequently a 
chief engineer or a chief electrician or 
a master mechanic or a works manager 
will have stored away in his experience 
the details of a time-saving operation 
or an efficiency method of tremendous 
value to his contemporaries in indus- 
trial works. And yet, many times in- 
dustry must await this knowledge until 
an editor learns of it and passes it on. 

“Technical Exposition” outlines the 
various types of writing, though it 
concerns itself principally with the ex- 
pository method. It is a book that any 
industrial engineer may read with 
profit. The chapter titles are: The 
expository method; definitions of 
words; sources of a technical vocabu- 
lary; formation of technical words; 
importance of the sentence in exposi- 
tion; punctuation marks, abbreviations 
and symbols; methods of analyzing 


written material; exposition in oral ex- 
pression; the business letter; journal- 
istic exposition—the newspaper—the 
magazine; advertising as a method of 
exposition; technical reports; specifica- 
tions and contracts; 
exposition. 


accessories of 
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Handbook of Thé Electric Power Club 
—Published by The Electric Power 
Club, Kirby . Building, Cleveland, 
Ohio, 284 pages, paper bound, price 
50 cents. 


What information is required for the 
selection of the proper oil circuit 
breaker; what should manufacturers 
supply and what should customers sup- 
ply under a general specification for 
switchboards; what detailed require- 
ments should be included in specifica- 
tions for control for a d. c. traveling 
crane; what are the detailed specifica- 
tions for adequate inclosures for con- 
trollers; what limitations should be 
imposed in the use of belts and gears 
and two-bearing motors; what are the 
standard terminal markings of electric 
power apparatus in general; how should 
transformers be connected for different 
polarity in banks for various recog- 
nized angular displacements? The 
foregoing are a few of the many ques- 
tions which frequently confront users 
of electric power apparatus and for 
which complete answers can be found 
in this handbook which contains the 


results of standardization work by the 


electrical apparatus manufacturers. 
* * * * 


The Diagnosing of Troubles in Elec- 
trical Machines—By Miles Walker, 
published-by Longmans, Green & Co., 
Fourth Avenue and 30th Street, New 
York City, 434 pages, price $10.50. 


A book on troubles in electrical ma- 
chines by such a well-known author on 
electrical design as Miles Walker, Pro- 
fessor of Engineering in the Faculty of 
Technology in the University of Man- 
chester and Consulting Engineer to the 
Metropolitan-Vickers Electrical Co., is 
a valuable addition to engineering lit- 
erature. This volume reflects some- 
thing like thirty years’ experience in 
connection with the operation of elec- 
trical machines and an equal amount 
of time in observing their operation 
under varying degrees of punishment 
both in application and operation. 

The book is divided into sixteen 
chapters, the headings of which give a 
general idea of the character of its 
contents. These chapter heads are: 
Breakdown of insulation; over heating, 
measurement of temperature; low effi- 
ciency; miscellaneous troubles; use of 
vector diagrams; alternating current 
generators; regulation of direct-current 
generators; sparking at the brushes; 
direct-current motors; defects in syn- 
chronous converters; sparking at the 
brushes on synchronous converters; 
other defects in synchronous converters 
and motor-generators; induction mo- 
tors; use of the oscillograph in com- 
mercial testing. 

The chapter devoted to “Miscel- 
laneous Troubles” will be found inter- 
esting to the practical man in view of 
the fact that it takes up an analysis of 
electrical and mechanical troubles that 
are usually treated lightly in design 
texts. Professor Walker discusses in 
this chapter such subjects as running 
balance; the theory of balancing; the 
deflection of shafts; taking damping 
forces into account; eddy-currents in 
journals and bearings; magnetization 
of shaft by the field magnets; cure for 
loose tooth laminations; insufficient 
support of insulation; magnetic source 
of noise; mechanical source of sound, 
and other problems. 
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How to Group Coils 
(Continued from page 207.) 


want to connect it for ten poles, three 

phase, two parallel. 

After killing the two coils according 

to Rule II—(b) we now have 60 ac- 

tive coils. Following Rule III we 
divide the number of coils by the 

number of groups. Then 60---30—2, 

and there is no remainder. There- 

fore, each group will have two active 
coils. Also there will be two dead 
coils, as discussed in the example for 

Rule II—(b). 

Example of Rule III—(b): 

Suppose now we have the 62-coil 
winding and want to connect it for 
eight poles three-phase series. As 
shown under the example for Rule 
II—(b) we should kill two coils, leav- 
ing 60 active coils. Then, according 
to Rule III, we divide the number of 
coils by the number of groups. This 
gives 60-_24—2 and a remainder of 
12. According to (b) of Rule III 
this means that the grouping will be 
unequal, and we must pass to 
Rule IV. 

Example of Rule IV: 

Under Rule IV an example was 
given of finding the number of large 
coils in a winding. As another case 
we may take the winding just men- 
tioned in the example for Rule 
IlII—(b). We find that in this eight- 
pole winding when we divide the ac- 
tive coils by the number of groups 
we have a remainder of 12. This 
means that twelve of the twenty-four 
groups will be large groups having 
three coils each. .The other twelve 
groups will have two coils each. 
Now the next job is to distribute the 
large coils in the proper way. 

This is the second article of a 
series on connecting induction motors 
of two to twenty-four poles, two- 
phase and three-phase. The series 
will be continued in the next issue of 
INDUSTRIAL ENGINEER. 
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Electric Traveling. 


Cranes 
(Continued from page 180.) 


are entirely independent of each 
other. The best combination to use 
on a crane is one in which the cam- 
contactor type of controller and grid 
resistors for. the larger-size motors 
or tube resistors for the smaller 
motors, are used. The wire in the 
tube resistors should be wound on 
insulated iron pipe as the pipe has 
no tendency to crack under heat. 
As a protective device, a fuse in 
itself is not sufficient because re- 
newals are expensive arid because 
the operator or repairman will usu- 
ally make a temporary repair with 
heavy wire and then forget about it. 
Circuit breakers must be set too high 
for normal operating conditions and 
this does not give any protection 
against continuous small overloads. 
The protective panel to be used on a 
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crane should be equipped with no- 
voltage release coils, overload trip 
coils for each motor, and over-travel 
limit contactors for the hoists. On 
the panels now installed on the 
cranes, these coils actuate plungers 
which in turn operate contactors on 
the various circuits. The plungers 
are controlled by oil dashpots which 
allow a momentary overload, but 
function on any sustained overload. 
The parts which require renewals 
are the trip coils and the contactor 
tips, although these normally have a 
long life. The main contactors are 
controlled by a push button within 
ready reach of the operator to be 
used in case of any emergency. 
The over-travel limit switches are 
geared to the hoist mechanism and 
are connected in series with the trip 
coils actuating the contactors in the 
hoist circuit, which on opening auto- 
matically short circuit the armature 
and set up a dynamic braking. 
Both span wires and bus-bar struc- 
tures are in use on the bridges, but 
we favor the former because of sim- 
plicity, low initial cost and ease of 
repairs. If heavy, hard-drawn cop- 
per wire is used these wires will last 
a long time and give little trouble. 
All wiring on cranes is now being 
done in conduit in preference to open 
wiring, cables or wooden moulding. 
“An ounce of prevention is worth 
a pound of cure,” is an adage that 
has proven its value. With this 
thought in view, the Westinghouse 
Company has crane inspectors whose 
duties are to make regular monthly 





Fig. 7—A sheet-metal safety floor 
was installed under this trolley. 


Footwalks also have been added at 
right angles to the girder. On this 
trolley the mechanical brake was re- 
moved and replaced with two electric- 
ally operated brakes. When this 


photograph was taken the wiring had 
not been completed. 
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inspections of each and every crane, 
paying particular attention to the 
chains, wire ropes and all other parts 
whose failure would endanger life, 
and to make suggestions for im- 
provements. They are supplied with 
printed forms upon which they note 
their findings and recommendations. 
Some of these forms are shown in 
Figs. 4 and 5. These reports are 
sent to the foreman of the crane re- 
pair department for his information 
and guidance. This, however, does 
not relieve the operator from his re- 
sponsibility of reporting any trouble 
or fault with the equipment. 


National Electrical 


Code Changes 


(Continued from page 196.) 
are controlled as a unit, the pair 
of motors may be protected as one 
motor. If, however, these motors 
are doing different work and are 
controlled by separate controllers, 
each motor must be protected by an 
automatic cutout. 


OIL SERVICE SWITCHES REQUIRE AIR- 
BREAK DISCONNECT SWITCHES 


Where oil switches are used as 
service switches on wires taken from 
primary lines, a disconnecting switch 
of the air-break type must be in- 
stalled between the supply and the 
oil switches. Switching and motor 
rooms for 600-volt to 5,000-volt cir- 
cuits must be closed to unqualified 
persons. 

So far as fuses are concerned the 
major addition to the code is the 
requirement of identifying marking 
to indicate their rating. For 250- 
volt fuses of 15 amp. or less a navy- 
blue label is required, and for fuses 
of greater rating green labels. 














- Trade Literature 
You Should Know About 


Copies of literature which is described on this page can be obtained by 

writing to the manufacturer whose name and address are mentioned. It is 

always advisable to state the name and number of the bulletin or catalog 
desired, as given in these columns. 














National Lamp Works of General Elec- 
tric Company, Nela Park, Cleveland, 
Ohio—Bulletin 42, entitled “Factory 
Lighting Designs,’ is a practical 
handbook for the installer of lighting 
equipment and was compiled by J. 
R. Colville. Numerous diagrams show 
spacing and arrangement of lights 
for a wide variety of ceiling heights 
and sizes of bays. - Auxiliary, group 
and local lighting problems are also 
discussed. Four pages are devoted 
to a tabulation of the recommended 
standards of illumination in foot-can- 
dles in a wide variety of industrial 
conditions. 


Stow Manufacturing Company, Bing- 
hamton, N. Y.—Bulletins and circu- 
lars describe the Stow line of port- 
able electric drills and grinders as 
well as the type driven by a flexible 
shaft. Particular attention is de- 
voted to the list of Stow emergency 
repair equipment particularly adapt- 
ed to repair and maintenance work. 


The Dow Company, Inc., Louisville, Ky. 
—Dow conveyors of gravity and 
power types for handling every kind 
of package and loose material are 
described and illustrated in a 50-page 
booklet. In addition to many illus- 
trations the details of construction 
are also shown. 


Strauss and Blum, Inc., New York, 
N. Y.—A small folder describes the 
“Sabco” 2-heat soldering iron, which 
is controlled by a button in the han- 
dle to give two distinct irons of dif- 
ferent temperatures. Through this 
button control the temperature and 
wattage may be increased 20 to 30 
per cent. Special tips for particular 
purposes are also-supplied for them. 


P. E. Chapman Electrical Works, Tenth 
and Walnut Streets, St. Louis, Mo.— 
Bulletin 120 describes the “Allat- 
once” commutator soldering machine 
which solders at one time all the 
connections of a commutator, a rotor, 
the long joints of container ends, or 
any other device which requires con- 
siderable soldering. It is claimed 
that it not only eliminates the slow, 
tedious hand soldering but also saves 
a large volume of solder. During its 
operation the motor shaft and ring 
insulations are protected. 


The S. S. White Dental Manufacturing 
Company, 84 Market Street, New 
York City—White portable under- 
cutting equipment, which consists of 
a portable electric motor with ex- 
tension cord, flexible shaft and mill- 
ing cutters or burrs, is described in 


literature supplied by this company.. 


Grinding or polishing wheels, drills 
or other tools may be used instead of 
burrs for other work. Another book- 
let entitled “From Sheep Shears to 
Speedometers and Other Applications 


Chas. 


of a Flexible Shaft” describes the 
construction, operation and care of 
flexible shafts. 


The Ohio Electric & Controller Com- 


pany, 5900 Maurice Avenue, Cleve- 
land, Ohio—Bulletin 105 describes 
the Ohio mill-type lifting magnet, 
its construction and application. Par- 
ticular attention is given to the fea- 
tures which are claimed to give it 
rugged construction. 


The Dayton Fan and Motor Company, 


Dayton, Ohio—Dayton fractional- 
horsepower motors for direct or al- 
ternating current of various types 
from 1/30 to % hp. are described 
in the booklet entitled “Dayton Mo- 
tors.” Of considerable interest is the 
space devoted to “How to Select the 
Proper Motor.” Dimension diagrams 
for the different types and sizes are 
included. 


Century Electric Company, 1827 Pine 


Street, St. Louis, Mo.—Bulletin 32 
describes the Century alternating and 
direct-current fans. These are made 
in portable, ceiling and ventilating 
types. Numerous construction de- 
tails are included. 


The Jeannin Electric Company, Toledo, 


Ohio—A small folder describes the 
advantages claimed, the construction 
and operation of the Jeannin single- 
phase, repulsion-induction motor. 
These are built for all commercial 
voltages and frequencies in the ver- 
tical or horizontal types with either 
plain or ball bearings. 


A. Schieren Company, 30-38 
Ferry Street, New York City—A 
series of four-page bulletins entitled 
“Practical Facts About Belting” is 
distributed in loose-leaf form by this 
company. Some of the subjects taken 
up in the twelve installments making 
up this series are, for example, 
“Types of Drives,” “Rules and Rat- 
ings,” “Belt Formulas,” “Care and 
oo. and “Selecting the Right 
elt. 


The United States Graphite Company, 


Saginaw, Mich.— Catalog B-3, de- 
scribes the U. S. G. motor and gener- 
ator, brushes. In addition to describ- 


_ ing the various brushes manufactured 


considerable attention is given to a 
recommendation sheet for various 
types of brushes and working sketches 
of special brushes. Several pages are 
devoted to suggestions for eliminat- 
ing brush trouble. 


Greenfield Tap and Die Corporation, 


Greenfield, Mass.—A 32-page “Repair 
Tool Catalog” lists the various types 
of screw plates, taps and dies, twist 
drills, reamers, pipe tools and other 
tools manufactured by the Greenfield 
Corporation. Particular emphasis is 
placed on special sets which are espe- 
cially adaptable to repair kits for re 
pair and maintenance men, ; 
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American Abrasive Metals Company, 


50 Church Street, New York City—A 
4-page bulletin describes the Feralun 
anti-slip tread, for use on stairways, 
steps, floor-plates around machinery, 
at elevator doors and other similar 


places to reduce slipping hazards. 
So-Luminum Manufacturing and Engi- 


neering Company, Inc., 162 West 
Fifty-fourth Street, New York City— 
A small folder describes “So-Lu- 
minum” which is claimed to be a 
“three-in-one” soldering, brazing and 
welding compound for aluminum, cop- 
per and brass. Instructions for its 
use and comments from users are in- 
cluded. 


The Cutler-Hammer Manufacturing 


Company, Milwaukee, Wis.—Publica- 
tion 3015 is a new illustrated, 24-page 
booklet on the C-H “Red” lifting 
magnet. The construction features 
of the magnet are fully illustrated 
and described. Special mention is 
made of the method of control by the 
magnetic controller and master 
switch, furnished with these magnets. 
Numerous illustrations give evidence 
of the many and various applications 
of these magnets in industry. 


Universal Conveyor Company, South 


Bend, Ind.—Folders describe and il- 
lustrate the use of the Universal con- 
veyor in handling coal. Particular 
emphasis is laid upon the saving 
which may be made by the mechanical 
handling over moving by hand. 


The Dayton Air Brush Company, 17 


Maryland Avenue, Dayton, Ohio—A 
20-page catalog describes the Dayton 
air brush for universal use. This air 


_ brush may be attached to any com- 


pressed air line to spray or flow all 
kinds of paints, enamel, varnish, shel- 
lac, calcimine, disinfectants, gasoline, 
oils, or other liquids. It has a nozzle 
control which may be adjusted to 
cover from %-in. surface to 8-in. sur- 
face and so can be used for either fine 
finishing work or for applying rough 
protective covering. Repair shops 
will find it particularly useful in 
spraying insulating compounds or 
doing other painting. 


. G. White and Company, 115 North 


Desplaines Street, Chicago, Ill.— 
Literature describes the “Handy Pan” 
which is a black enameled iron tool 
box 4% in. by 9 in. by 18 in., to carry 
tools or repair supplies around the 
plant. This is made either with or 
without compartments. 


L. B. Allen Company, Ince., 4519-29 


North Lincoln Street, Chicago, Ill.— 
A folder describes the Allen non-acid 
“Sodering” flux and other “sodering” 
specialties. These are put up as 
liquid, stick, paste and oil. 


The Cincinnati Electric Tool Company, 


Cincinnati, Ohio—Catalog 18 covers 
the line of Cincinnati portable electric 
drills, and hand, bench -and floor 
grinders and buffers for alternating 
or direct current. Special features 
of this equipment are described and 
illustrated. 


Peerless Folding Ladder Company, 


Greenville, S. C.—A folder entitled 
“The Neglected Ladder,” by W. H. 
Hall, safety engineer, U. S. Fidelity 
and Guarantee Company, gives a 
safety engineer’s opinion on the ordi- 
nary ladder and also makes some 
comments on the use of the Peerless 
folding ladder. 





